
 

 

 

 

 

 

Automatic Population of Synoptic Reports from 

Narrative Pathology Reports 

Final Report  
 

 

 

 

 

 

 

 

 

Professor Jon Patrick 

Health Information Technology Research Laboratory 

School of IT 

University of Sydney 

 

 

 

 

 

 

 

14thth October 2012



 

Automatic Population of Structured Reports 2 

 

Table of Contents 
INTRODUCTION .................................................................................................................................... 3 

BACKGROUND ...................................................................................................................................... 3 

Corpus Description ............................................................................................................................... 3 

Task Specification ................................................................................................................................ 3 

METHODS ............................................................................................................................................... 4 

Classification Strategy .......................................................................................................................... 4 

System Architecture ......................................................................................................................... 4 

Medical Entity Recognition (MER) .................................................................................................. 5 

Structured Output Generation ........................................................................................................... 6 

RESULTS ................................................................................................................................................. 7 

Computing Medical Entities ................................................................................................................. 7 

Generating Structured Reports ........................................................................................................... 10 

DISCUSSION ........................................................................................................................................ 11 

Medical Entity Recognition (MER) .................................................................................................... 11 

Structured Output Generation ............................................................................................................. 11 

Creating an Annotated Corpus ........................................................................................................... 12 

CONCLUSIONS .................................................................................................................................... 12 

FUTURE WORK ................................................................................................................................... 13 

REFERENCES ....................................................................................................................................... 13 

Appendix 1. Concept categories with brief definitions and some examples. ......................................... 14 

Appendix 2. List of specific section headings for each concept category .............................................. 17 

Appendix 3. Criteria for ranking candidate concepts ............................................................................. 18 

Appendix 4. Possible values for each item in the structured template. .................................................. 20 

Appendix 5. Structured output for a multiple specimen document ........................................................ 22 

Appendix 6. Structured output for a single specimen document ............................................................ 25 

Appendix 7. Modality dictionary ............................................................................................................ 27 

Appendix 8. Rule System for populating structured output for the melanoma corpus ........................... 29 

Appendix 9. Screenshots from the Structured Reporting Web Page ....................................................... 36 



 

Automatic Population of Structured Reports 3 

 

 

Automatic Population of Synoptic Reports from 

Narrative Pathology Reports  
 

INTRODUCTION 

The 2
nd 

stage of this project requires well-developed methods for identifying and extracting pertinent 

information from free-text or narrative reports by natural language processing to automatically 

populate synoptic reports.  

This report presents the final findings on developing an automatic information extraction system that 

has been designed to recognize and categorize appropriate content in the narrative pathology reports. 

The aim is to produce sufficiently accurate information extraction to act as a reliable guide for 

pathologists to correct missing and ambiguous content to ensure significantly higher quality reporting 

and for the referring doctors to get at the essential elements of a pathology report to justify a given 

diagnosis. 

BACKGROUND 

Corpus Description 

A collection of 380 melanoma pathology reports have been scanned and OCRed to form a training set. 

After de-identification, all reports were annotated for medical entities. 

Task Specification 

The aims of the project include: 

1. Production of an annotated corpus for populating structured report templates. 

2. Production of a classifier for extracting content to insert into structured reports.  

3. A process that automatically produces populated structured reports.  

Task 1 was an annotation task. The annotation process was carried out in a mixed conveyor method 

with a two phase validation and gold standard development. 

The annotation team is composed of 6 members divided into two groups. Each Group had a subset 

of the total tagset to annotate. Each team member annotated all files for those tags assigned to them. 

One of the team members acted as a validator for the development of the first gold standard.  

Task 2 was a medical entity recognition task. There are 41 types of concepts for medical entity 

recognition in the melanoma corpus in total. Appendix 1 provides each concept category with a brief 
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definition and some examples. 

 

Task 3 was an information extraction task, which required the final outputs to be populated to a 

structured template. 

METHODS 

Classification Strategy 

In the development of a medical entity recognition system, a traditional supervised machine learning 

based approach was used. The conditional random fields (CRF) learners trained with CRF++[1] were 

adopted. 

System Architecture 

 

Figure 1. System architecture for medical entity recognition. 

 

Figure 1 demonstrates the system architecture. From the diagram, raw records are passed through the 

pre-processing engine, which includes a sentence boundary detector and a tokenizer. A record is split 

into sentences, and then each sentence is split into tokens. In a separate process, the training corpus is 

annotated manually to create a gold standard. Subsequently errors in the manual annotations are 

identified by performing validation on the training data with a 100% train and test strategy (a reflexive 

validation process). With this self-validation process, more than 80 errors in concept annotation in the 

training data were detected. The two most frequent error types were: (1) including or excluding 

punctuation; (2) inconsistent spans for tagging concepts of the same type. For the first error type, we 

decided that except for the entailed punctuations of “En:Specimen Identifier” or “?” of “Li:Modality”, 

punctuation should be excluded from the spans. For the second error type, to achieve better consistency 

and less ambiguity, we determined to use shorter spans in most cases to get more atomic instances, 

except when there are frequent co-occurrences for the longer spans. The errors were corrected 

Raw texts 
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manually so that the model would not learn from the incorrect examples. This process improved the 

scores by about 0.3%. 

After pre-processing, four CRF feature sets were prepared to train the CRF to identify the entities 

embedded in the corpus, and the output from the CRF was sent to the annotation file converter to 

convert the outputs from the CRF to the format that can be processed by a text annotation tool (the 

Visual Annotator[2]). The structured output generator populates the outputs to conform to the structure 

templates. 

Medical Entity Recognition (MER) 

For the MER experiments on melanoma reports, the best model was obtained from four feature sets 

below: 

1. Context features: a) Bag of words with window size of nine words; b) Section headings. 

The selection of window size was separated as a process. Four different context word window sizes (3, 

5, 7, 9) were experimented with, and the nine token window size was the optimal. 

The section heading detector has been tuned for the specific purpose of this project. It can detect six 

types section headings in total: ““MACROSCOPIC”, “MICROSCOPIC”, “DIAGNOSIS”, 

“COMMENT”, “CLINICAL HISTORY” and “SPECIMEN”. The specific section headings for each 

concept category are listed in Appendix 2. 

2. Semantic features: a) Medical category; b) Resources. 

The medical category is the result of parsing the text to identify SNOMED CT‟s concepts[3] using the 

TTSCT service[4], which was developed to detect SNOMED CT‟s concepts in free text and to annotate 

them with clinical reference terms.  

The resources are three domain knowledge dictionaries (UMLS, MOBY, SCT). They were used in the 

lookup processing. 

3. Lexical features: a) Lemma, part of speech, chunk; b) Lowercase of words; c) Expansions of 

abbreviations and acronyms; d) Correction of misspelt words. 

Lemma, part of speech and chunk were obtained from the GENIA tagger[5].  

The correction of misspelt words, expansions of abbreviations and acronyms are achieved by firstly 

looking up the three domain knowledge dictionaries, and then by manual verification if needed. 

4. Other features: a) Ring-fencing 

Ring-fencing is performed by a finite state automata developed by our team. It can recognize the 

patterns of some words (e.g., 1mm, 1 mm) and assigns the appropriate tags for these patterns. 

 

It is worth mentioning that although some other feature sets such as Uppercase tag and Number tag, 

were experimented with during the system implementation, the best performance was obtained from 

the 4 feature sets described above. The feature selection process was as follows: each feature was 

sequentially added to the CRF feature generator to train the model and predict the results, and the 

performance was recorded. If the performance increased the F-score with adding a feature, this feature 

was thought to be useful and it would remain in the feature set, otherwise, it would be removed from 

the feature set. 

 

MER experiment on colorectal reports 

For the medical entity recognition experiment on colorectal reports, the best model (currently) was 
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obtained from 2 feature sets: 

1. Context features: a) Bag of words with window size of nine words. 

2. Lexical features: a) Lemma; b) Lowercase of words. 

Structured Output Generation 

To populate the structured templates, a structured output generator was designed with rule-based 

methods. Figure 2 displays each module in the structured output generator. 

 

Figure 2. Modules in the structured output generator. 

 

1. Document classification 

At first, the documents need to be divided into multiple specimen documents (documents containing 

more than a specimen) and single specimen documents (documents only contain one specimen). 

2. Context Detection 

Based on the section heading detector, we built a post-processing engine to detect the heading context 

information for each specimen to facilitate the following procedures. This information is also used for 

populating the values of “Summary”, “Comment”, or “Description” for each section in the template. 

3. Concept Extraction 

Concepts are extracted according to their types from the outputs of the annotation file converter and 

then ranked with particular criteria: a potential candidate is assigned a salience measure based on a 

series of criteria, and the one with the highest salience measure is selected as the best candidate. The 

criteria are described in Appendix 3. 

4. XML Generation 

The last step is to generate the XML format outputs from the extracted concepts. The possible values 

for each item in the template are listed in Appendix 4. 

 

Final outputs 

Document classification 

Context Detection Concept Extraction 

Xml Generation 

Outputs from annotation file 

convertor 



 

Automatic Population of Structured Reports 7 

RESULTS 

Computing Medical Entities 

Table 1 presents the performance of the medical entity recognition experiments on the melanoma 

training corpus. To discover the best features in the training models, 100% train and test strategy was 

adopted first, and then a 10-fold cross validation experiment was performed to verify the best model, 

the performance of which is shown in table 2. 

 

 

Entity Type Baseline(without self-validation)  Best (with self-validation) 

Instance Precision Recall F-score Instance Precision Recall F-score 

De:Cell Growth Pattern 740 96.74% 92.30% 94.47% 673 99.85% 99.85% 99.85% 

De:Cell Type 733 96.53% 94.95% 95.74% 717 100.00% 100.00% 100.00% 

De:Cosmetic Changes 295 97.79% 89.83% 93.64% 283 100.00% 100.00% 100.00% 

De:Dermal Mitoses 378 98.40% 97.35% 97.87% 369 99.73% 100.00% 99.86% 

De:Shape 582 97.69% 94.50% 96.07% 577 100.00% 100.00% 100.00% 

De:Site and Laterality 836 99.14% 96.41% 97.76% 818 100.00% 99.88% 99.94% 

De:Size 873 99.54% 98.85% 99.20% 868 100.00% 100.00% 100.00% 

De:Specimen Type 723 96.26% 95.99% 96.12% 638 100.00% 100.00% 100.00% 

De:Ulceration 288 99.65% 97.92% 98.77% 287 100.00% 100.00% 100.00% 

En:Associated naevus 

(type) 

262 98.08% 97.33% 97.70% 240 100.00% 100.00% 100.00% 

En:Lesion (other) 48 100.00% 60.42% 75.32% 56 100.00% 98.21% 99.10% 

En:Primary Lesion 1638 97.73% 97.07% 97.40% 1660 99.88% 99.82% 99.85% 

En:Satellites 25 100.00% 92.00% 95.83% 24 100.00% 100.00% 100.00% 

En:Specimen Identifier 934 95.63% 93.79% 94.70% 877 99.55% 99.89% 99.72% 

In:Breslow Thickness (mm) 579 97.17% 94.99% 96.07% 517 100.00% 100.00% 100.00% 

In:Clark Level 785 98.19% 96.69% 97.43% 779 100.00% 99.87% 99.94% 

In:Neurotropism 151 99.32% 96.03% 97.64% 150 100.00% 100.00% 100.00% 

In:Vascular/Lymphatic 244 97.88% 94.67% 96.25% 240 100.00% 100.00% 100.00% 

*Li:Evidence Negative 1 0.00% 0.00% 0.00% -- -- -- -- 

*Li:Evidence Positive 2 0.00% 0.00% 0.00% -- -- -- -- 

*Li:Judgement Negative 2 0.00% 0.00% 0.00% -- -- -- -- 

*Li:Judgement Positive 1 0.00% 0.00% 0.00% -- -- -- -- 

Li:Lexical Polarity Positive 1299 97.95% 95.69% 96.81% 1373 99.85% 100.00% 99.93% 

Li:Lexical Polarity 

Negative 

736 98.36% 97.69% 98.02% 682 100.00% 100.00% 100.00% 

Li:Modality 308 96.99% 94.16% 95.55% 297 100.00% 100.00% 100.00% 

Li:Mood and Comment 

Adjuncts 

1045 97.43% 94.35% 95.87% 915 100.00% 99.78% 99.89% 

Li:Temporality 132 100.00% 83.33% 90.91% 165 100.00% 100.00% 100.00% 

Ma:Excision Clear 269 96.55% 93.68% 95.09% 248 100.00% 100.00% 100.00% 
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Ma:Excision Deep 196 94.79% 92.86% 93.81% 179 100.00% 100.00% 100.00% 

Ma:Excision Invasive 410 95.48% 92.68% 94.06% 372 100.00% 100.00% 100.00% 

Ma:Excision In Situ 115 93.69% 90.43% 92.04% 95 100.00% 100.00% 100.00% 

Re:Desmoplasia 16 100.00% 87.50% 93.33% 23 100.00% 100.00% 100.00% 

Re:Fibrosis 68 100.00% 94.12% 96.97% 68 100.00% 100.00% 100.00% 

Re:Solar Elastosis 25 100.00% 96.00% 97.96% 25 100.00% 100.00% 100.00% 

Re:Tils 247 95.47% 93.93% 94.69% 223 100.00% 100.00% 100.00% 

St:Clinical History Heading 228 99.12% 99.12% 99.12% 226 100.00% 100.00% 100.00% 

St:Comment Heading 35 96.88% 88.57% 92.54% 30 100.00% 100.00% 100.00% 

St:Diagnosis Heading 260 98.10% 99.23% 98.66% 258 100.00% 100.00% 100.00% 

St:Macroscopic Heading 365 99.72% 98.90% 99.31% 363 100.00% 100.00% 100.00% 

St:Microscopic Heading 379 99.47% 98.94% 99.21% 376 100.00% 100.00% 100.00% 

St:Specimen 144 98.60% 97.92% 98.26% 143 100.00% 100.00% 100.00% 

St:Subheading 78 100.00% 73.08% 84.44% 51 100.00% 100.00% 100.00% 

Sy:Diagnosis 1269 98.39% 96.61% 97.50% 1244 100.00% 99.92% 99.96% 

Sy:Regression 214 96.74% 97.20% 96.97% 203 100.00% 100.00% 100.00% 

Sy:Subtype 527 97.71% 97.34% 97.53% 478 100.00% 100.00% 100.00% 

Overall 18485 97.73% 95.54% 96.62% 17810 99.94% 99.94% 99.94% 

Table 1. System performance (micro-averaged F-scores) for medical entity recognition experiments 

with 100% train and test on the melanoma training corpus. *During self-validation, “Li:Evidence 

Negative” and “Li:Judgement Negative” were assigned to “Li:Lexical Polarity Negative”, 

“Li:Evidence Positive” and  “Li:Judgement Positive” were assigned to “Li:Lexical Polarity Positive”. 

 

 

Entity Type Instance True 

Positive 

False 

Positive 

False 

Negative 

Precision Recall F-score 

De:Cell Growth Pattern 677 319 251 358 55.96% 47.12% 51.16% 
De:Cell Type 717 471 229 246 67.29% 65.69% 66.48% 

De:Cosmetic Changes 283 69 56 214 55.20% 24.38% 33.82% 

De:Dermal Mitoses 369 267 76 102 77.84% 72.36% 75.00% 
De:Shape 577 344 140 233 71.07% 59.62% 64.84% 

De:Site And Laterality 817 647 107 170 85.81% 79.19% 82.37% 

De:Size 869 732 79 137 90.26% 84.23% 87.14% 
De:Specimen Type 640 492 83 148 85.57% 76.88% 80.99% 

De:Ulceration 287 250 21 37 92.25% 87.11% 89.61% 

En:Associated naevus (type) 242 129 80 113 61.72% 53.31% 57.21% 
En:Lesion (other) 56 8 4 48 66.67% 14.29% 23.53% 

En:Primary Lesion 1660 1405 232 255 85.83% 84.64% 85.23% 

En:Satellites 25 18 2 7 90.00% 72.00% 80.00% 
En:Specimen Identifier 876 742 49 134 93.81% 84.70% 89.02% 

In:Breslow Thickness (mm) 517 414 90 103 82.14% 80.08% 81.10% 

In:Clark Level 779 625 113 154 84.69% 80.23% 82.40% 
In:Neurotropism 150 137 5 13 96.48% 91.33% 93.84% 

In:Vascular/Lymphatic 240 208 18 32 92.04% 86.67% 89.27% 

Li:Lexical Polarity Positive 1373 1205 79 168 93.85% 87.76% 90.70% 
Li:Lexical Polarity  Negative 683 620 22 63 96.57% 90.78% 93.58% 

Li:Modality 297 245 20 52 92.45% 82.49% 87.19% 

Li:Mood And Comment 
Adjuncts 

914 552 223 362 71.23% 60.39% 65.36% 

Li:Temporality 167 73 20 94 78.49% 43.71% 56.15% 

Ma:Excision Clear 248 198 24 50 89.19% 79.84% 84.26% 
Ma:Excision Deep 179 96 52 83 64.86% 53.63% 58.72% 

Ma:Excision Invasive 372 209 142 163 59.54% 56.18% 57.81% 

Ma:Excision In Situ 95 17 34 78 33.33% 17.89% 23.29% 
Re:Desmoplasia 23 9 3 14 75.00% 39.13% 51.43% 

Re:Fibrosis 68 34 14 34 70.83% 50.00% 58.62% 

Re:Solar Elastosis 25 12 2 13 85.71% 48.00% 61.54% 
Re:Tils 224 167 40 57 80.68% 74.55% 77.49% 
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St:Clinical History Heading 225 209 5 16 97.66% 92.89% 95.22% 

St:Comment Heading 30 13 1 17 92.86% 43.33% 59.09% 

St:Diagnosis Heading 258 245 15 13 94.23% 94.96% 94.59% 
St:Macroscopic Heading 363 356 5 7 98.61% 98.07% 98.34% 

St:Microscopic Heading 376 367 6 9 98.39% 97.61% 98.00% 

St:Specimen 143 127 4 16 96.95% 88.81% 92.70% 
St:Subheading 51 30 3 21 90.91% 58.82% 71.43% 

Sy:Diagnosis 1244 1051 153 193 87.29% 84.49% 85.87% 

Sy:Regression 203 155 33 48 82.45% 76.35% 79.28% 
Sy:Subtype 480 396 65 84 85.90% 82.50% 84.17% 

Overall 17822 13663 2600 4159 84.01% 76.66% 80.17% 

Table 2. System performance (micro-averaged F-scores) for medical entity recognition experiments 

with 10-fold cross validation on the melanoma training corpus. 

 

Table 3 displays the performance of the medical entity recognition experiments on the colorectal 

training corpus. Only 100% train and test strategy was adopted for self-validation purposes. 

 

Entity Type Instance True 

Positive 

False 

Positive 

False 

Negative 

Precision Recall F-score 

De:Ancillary Studies 1 1 0 0  100.00%  100.00%  100.00% 
De:Perforation 11 11 0 0  100.00%  100.00%  100.00% 

De:Peritoneal Reflection 15 15 0 0  100.00%  100.00%  100.00% 

De:Serosa Description 35 35 0 0  100.00%  100.00%  100.00% 
De:Specimen Blocks 460 460 0 0  100.00%  100.00%  100.00% 

De:Specimen Images 1 1 0 0  100.00%  100.00%  100.00% 

De:Specimen Size 238 238 0 0  100.00%  100.00%  100.00% 
De:Specimen Type 234 234 0 0  100.00%  100.00%  100.00% 

De:Tissue Banking 1 1 0 0  100.00%  100.00%  100.00% 

De:Tumour Description 278 277 0 1  100.00%  99.64%  99.82% 
De:Tumour Site 186 186 0 0  100.00%  100.00%  100.00% 

De:Tumour Size 109 109 0 0  100.00%  100.00%  100.00% 

En:Coexistent Pathology 84 84 0 0  100.00%  100.00%  100.00% 
En:Distant Spread Or 

Metastases 

25 25 0 0  100.00%  100.00%  100.00% 

En:Lymph Nodes 32 32 0 0  100.00%  100.00%  100.00% 
En:Residual Tumour 6 6 0 0  100.00%  100.00%  100.00% 

Ex:Donut Involvement 9 9 0 0  100.00%  100.00%  100.00% 

Ex:Extent 80 80 0 0  100.00%  100.00%  100.00% 

Ex:Extramuscular Spread 33 33 0 0  100.00%  100.00%  100.00% 

Ex:Lymph Node 

Involvement 

101 101 0 0  100.00%  100.00%  100.00% 

Ex:Serosal Involvement 27 27 0 0  100.00%  100.00%  100.00% 

In:Depth Of Invasion 166 165 1 1  99.40%  99.40%  99.40% 

In:Perineural Invasion 39 39 0 0  100.00%  100.00%  100.00% 
In:Venous And Small 

Vessel Invasion 

79 79 0 0  100.00%  100.00%  100.00% 

Ma:Circumferential 
Margin 

30 30 0 0  100.00%  100.00%  100.00% 

Ma:Clear 74 73 1 1  98.65%  98.65%  98.65% 

Ma:Proximal Or Distal 
Margin 

122 122 0 0  100.00%  100.00%  100.00% 

Met:Anatomic Stage 28 28 0 0  100.00%  100.00%  100.00% 

Met:M Value 44 44 0 0  100.00%  100.00%  100.00% 
Met:N Value 77 77 0 0  100.00%  100.00%  100.00% 

Met:T Value 75 75 0 0  100.00%  100.00%  100.00% 

Re:Desmoplasia And 
Fibrosis 

30 30 0 0  100.00%  100.00%  100.00% 

Re:Response To Rx 7 7 1 0  87.50%  100.00%  93.33% 
Re:Tils And Peritumoural 

Lymphocytes 

49 49 0 0  100.00%  100.00%  100.00% 

St:Ancillary Studies 
Heading 

8 8 0 0  100.00%  100.00%  100.00% 

St:Clinical History 

Heading 

70 70 0 0  100.00%  100.00%  100.00% 

St:Macroscopic Heading 68 68 0 0  100.00%  100.00%  100.00% 

St:Microscopic Heading 74 74 0 0  100.00%  100.00%  100.00% 

St:Subheading 2 2 0 0  100.00%  100.00%  100.00% 
St:Synthesis Heading 82 82 0 0  100.00%  100.00%  100.00% 

Sy:Comment 145 145 0 0  100.00%  100.00%  100.00% 

Sy:Histological Grade 110 110 0 0  100.00%  100.00%  100.00% 
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Sy:Histological Type 154 154 0 0  100.00%  100.00%  100.00% 

Sy:Medical History 11 11 0 0  100.00%  100.00%  100.00% 

Overall 3510 3507 3 3  99.91%  99.91%  99.91% 

Table 3. System performance (micro-averaged F-scores) for medical entity recognition experiments 

with 100% train and test on the colorectal training corpus. 

Generating Structured Reports 

In the original program design the structured reports were to be created by the same process as the 

Medical entities, that is, by annotating a corpus and then using a machine learning algorithm to infer 

the structured components. This proved to be an unattainable strategy for two reasons: 

1. The structured report components required either very large segments of text that would have 

been impossible to infer reliably, or,  

2. It required inferences from the structure of a variety of medical entities to be properly 

constructed. 

On detailed analysis of the structured report it was evident that a straightforward application of 

statistical inferencing would not provide an adequately accurate solution to the processing requirements. 

Hence a different approach was taken and that was to build a rule based system that exploited the 

medical entity tagger that was produced in the first stage of the work.  

The process of constructing the rules required manually examining each and every report to understand 

the systematic characteristics of each structured report element.  With that analysis a first draft of a set 

of rules was prepared and implemented as a computational process. The rules were then applied to all 

the reports and checked that they computed all structured report fields. Where the results showed that a 

value had not been computed correctly it was checked against the rules and if necessary the rules 

changed to ensure they included the missing results. Appendix 8 presents the complete rule system 

developed for computing the structured report field contents. 

 

The consequence of this approach is that there is no gold standard against which to measure the 

accuracy of the system, but rather the coverage of the system or its sensitivity can be considered to be 

better than 95%, that is there is a high precision guaranteed by building rules to cope with every report 

in the sample.  

 

Software has been developed for two purposes, namely: 

1. to demonstrate the process of computing the structured reports. The web address for testing 

the working system is 

http://icims.com.au/QUPPDemo/webpages/structured_report_demo.cgi 

Screenshots of the web page can be seen in Appendix 9. 

2. the production of an exportable version of the structured report conforming to an XML format. 

Appendices 5 and 6 contain examples from the melanoma corpus of the structured output for a 

multiple specimen document and a single specimen document respectively. 

http://icims.com.au/QUPPDemo/webpages/structured_report_demo.cgi
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DISCUSSION 

Medical Entity Recognition (MER) 

It can be seen from table 1 that the micro-averaged F-score of the medical entity recognition for the 

melanoma training corpus is about 3.3% better by best feature selection and self-validation than the 

baseline (by using Bag of words with window size of nine words as the only feature set). Performances 

on all entity types are improved by best feature selection and self-validation. The most difficult entities 

to recognize in the baseline are “En:Lesion (other)” and “St:Subheading” (their average F-scores are 

75.32% and 84.44% respectively). They received biggest improvement, increased to 99.12% and 

99.05% by the best feature selection and self-validation. This is probably because: 

1. During self-validation, some concepts that have been mistakenly tagged to other concept types 

(e.g., “En:Associated naevus (type)”) were assigned to “En:Lesion (other)” , and part of listing 

(e.g., “A.”, “1.” ) were removed from “St:Subheading”. Since the number of instances in this 

class is relatively small, the validation changes can affect the model training for them to a 

greater extent. 

2. The lexical feature: Using the lowercase words has played an important role in the 

improvement of their performances. 

 

Compared to table 1, the micro-averaged F-score from table 2 dropped dramatically by losing 10% 

accuracy in each fold, revealing that there is high variability among the instances in some of the entity 

types, especially highlights on “De:Cell Growth Pattern” and “De:Cosmetic Changes”, which leads to 

their low average F-scores (which are 51.16% and 33.82% respectively). Ambiguity is another possible 

reason for the decrease of average F-scores on other entity types, such as “Ma:Excision Invasive” and 

“Ma:Excision In Situ”. The instances of these two entity types are so similar (e.g., “1.4mm from the 

closest lateral resection margin” of “Ma:Excision In Situ” and 1.6mm from the closest lateral resection 

margin of “Ma:Excision Invasive”) that it is very difficult for the machine learner to discriminate them 

from each other, and the machine learner tends to misclassify the instances to the dominant type ( the 

type with more instances), which is “Ma:Excision Invasive” in this case.  

 

From table 3, the micro-averaged F-score of the medical entity recognition for the colorectal training 

corpus is relatively high (99.91%). We believe that the false positive and false negative instances 

probably come from the incorrect annotations rather than the errors in the model, and the system 

performance can be improved after self-validation. 

Structured Output Generation 

As shown in Appendices 5 and 6 the structured output generator can populate the values for each item 

in the template. One of the difficult issues is about the units used for “Mitotic rate”, as some documents 

preferred to used “per mm2”, however, some choose to use “per HDF (High Power Field)”, “per 5 

HDFs” or “per 10 HDFs”, etc, moreover, some didn‟t provide the units (e.g., “one or two mitotic 

figures”). By consulting the domain experts, we finally decided to display the units besides the numeric 

values to increase the flexibility to present this item in the template (the default unit is “per mm2”). 

Another issue is about how to present modality appropriately in the template, since it is unlike the 
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presentation for polarity, which is quite clear that “absent” or “no” for “negative”, and “present” for 

“positive”.  To standardize the presentation of modality, we also purposed a standard dictionary to 

map each variation of “Li:Modality” to 4 groups (including “cannot exclude”, “definitely”, “possibly” 

and “probably”, see Appendix 7 for more details), and used these groups while presenting modality in 

the template. 

Creating an Annotated Corpus 

The project has had one limitation in that we were not able to recruit any pathologist to assist directly 

in the annotation of the corpus. This led us to develop our own devices for completing the annotation. 

The annotators were given the task of reading sufficient literature to understand the range of medical 

entities required for the work. Subsequently the definitions of all medical entities were recorded and as 

new information and terminology was discovered in reports it was integrated into the definitions. While 

this is less than desirable it only means that there is slightly less accuracy in annotation to begin with. 

In a previous QUPP report we have submitted where we were able to show pathologists do annotations 

at a slightly greater Precision compared to our linguist annotators but poorer Recall. Subsequent to 

creating the annotated corpus it was manually checked by an annotator against the computed entities so 

that at least no incorrectly annotated tags remained in the text. This did not assure absolute precision 

with pathology knowledge but the errors would be very low. 

For the structured report entries a piece of software was designed to enable pathologists to use a web 

interface to say if they agreed with the initial identification or not. While three pathologists registered 

to work on the project they failed to continue past the first review of the task. This only encouraged us 

to believe that the rule based strategy was going to be the best approach to resolving this task. 

CONCLUSIONS 

1. Evaluating the structured outputs 

We displayed the structured outputs in a web page for pathologists to evaluate, but have been 

unsuccessful in recruiting any pathologists to engage fully with the task although a number volunteered 

initially. The extracts have been validated by linguists trained to do this task. While they may not have 

been able to interpret the extractions as precisely as experienced pathologists their work has face 

validity and is internally consistent. Previous projects have shown that while pathologists produce 

slightly more accurate annotations they on the whole are less consistent. Hence the linguists‟ 

annotations while probably a little lower in accuracy are most likely more consistent from one report to 

another. 

2. Web application 

Once the efficiency of the model was verified and the evaluation of the outputs completed, the system 

has been released to the research community as a web page for testing data samples. See 

http://icims.com.au/QUPPDemo/webpages/structured_report_demo.cgi for the demonstration web 

page. 

http://icims.com.au/QUPPDemo/webpages/structured_report_demo.cgi
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FUTURE WORK 

We will focus on the following aspects to improve the performance of the system: 

1. Building models on the colorectal training corpus 

Similar to the progress on the melanoma training corpus, we need to self-validate and run more 

experiments on the colorectal training corpus. Once the best feature sets are found, 10-fold cross 

validation experiments will be run on the models to verify the efficiency of them. The full set of 

colorectal results will be presented in the report for the RACP project grant. 
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 Appendix 1. Concept categories with brief definitions and 

some examples. 

En: Entity, De: Descriptor, In: Invasion, Re: Reaction, Ma: Margins, Li: Linguistic, St: Structural, Sy: 

Synthesis.    

Concept category Definition Example  

En:Associated naevus 

(type) 

Reference to any pre-existing or associated naevus with the 

melanoma 

a pre-existing naevus, previous 

naevus  

En:Primary Lesion 

The primary lesion and typically the reason why the report is 

being prepared. The lesion will usually be described in 

various ways and this should be recorded. 

dermal component, lesion, nodule  

En:Lesion (other) Other lesions mentioned in the report and described  second lesion 

En:Satellites Reference to any satellites associated with the melanoma satellite, microsatellites  

En:Specimen Identifier 
Used to identify the specimen. Differentiate from the 

specimen heading tag. 
specimen, sections, 1., I. 

De:Specimen type Type refers to the type of specimen that was used 
SNB (sentinel node biopsy), biopsy, 

shave, punch, ellipse of skin  

De:Cell Type Description of the primary cell type in the entity. 
epithelioid, spindled, 

naevoid,pleomorphic,  

De:Cell growth pattern 
The cell growth pattern contributes to the identification of the 

sub-type of melanoma  

pagetoid, lentiginous spread , 

vertical growth phase 

De:Cosmetic Changes 

Changes in appearance to the surrounding area that may be 

noted in the report and may be relevant to the diagnosis or the 

prognosis. 

scar, necrosis, changes 

De:Shape  
description of the entity including colour, border and contour 

descriptions 

pigmented, purplish, brown, 

circular, linear, scalloped  

De:Site and laterality 

The body part and side on which the lesion is located. This 

may also include finer locating information such as upper, 

lower, mid. 

(R) neck, left thigh, lower back, mid 

back  

De:Size 
Size refers to the size of the sample sent for testing, the 

primary lesion and any other lesions or note-worthy entities.  
2mm, 10x3mm, 6mm  

De:Ulceration (mm) 
Any reference to ulceration of a lesion or discontinuity of the 

skin resulting in loss of function 
ulcerated, ulceration  

De:Dermal mitoses  Level of dermal mitosis and / or the mitotic rate. 
mitoses, mitotic rate is 15 to 18 per 

mm2 

Ma:Excision Clear 

Statement that the excision margins are clear or any 

descriptive material relating to the excision margins that 

doesn‟t belong under the other tags. This is particularly 

relevant to the excision biopsies because it relates to whether 

they have removed the entire tumour.  

excision appears complete, lines of 

excision are clear 

Ma:Excision deep  The distance from the lesion to the deep margin deep margin of 2.3mm, Distance 

https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/LesionOther
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SatellitesMicroMacro
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SpecimenIdentifier
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SpecimenType
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/CellType
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/CellGrowthPattern
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/CosmeticChange
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SiteLaterality
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SizeEntity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/UlcerationEntity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/DermalMitoses
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionClear
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionDeep
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from deep margin = 4.0mm 

Ma:Excision in situ  
The distance from the in-situ or junctional component to the 

lateral margins 

closest peripheral margin to in situ 

component measures 0.9mm, in situ 

component is situated 0.2mm 

Ma:Excision invasive  
The distance from the dermal component to the lateral 

margins (default category for lateral margins) 

closest peripheral margin to 

invasive component = 1.0mm, 

5.95mm to the nearest lateral 

margin  

Re:Desmoplasia  Reference to the presence or absence of desmoplasia.  desmoplastic, desmoplasia 

Re:TILS Any reference to tumour infiltrating lymphocytes (TILs). 
inflammatory infiltrate, tumour 

nfiltrating lymphocytes 

Re:Solar Elastosis 
Evidence of skin reaction to sun. It will make the skin appear 

leathery and can impact on diagnosis and prognosis.  
solar elastosis, sun-damaged skin  

Re:Fibrosis Evidence of reaction in connective tissue or scarring fibrosis, angiofibroplasia  

In:Vascular/lymphatic 

invasion 

Any reference to infiltration of the blood vessels and 

lymphatic system.  

vascular invasion, 

vascular/lymphatic invasion 

In:Neurotropism Reference to any neurotropism present or absent.  perineural invasion, neurotropism  

In:Breslow 

thickness(mm) 
Primary tumour thickness 

Breslow thickness 1.6mm, depth 

0.55mm 

In: Clark level The layer of the skin into which the tumour has permeated Clark level 4, Clark level II 

Li:Lexical Polarity 

Negative 

Lexically bound (either in a separate lexical item or as a 

suffix or prefix) polarity that is modifying something else. It 

will be related by negation. 

no, not, lack, nor 

Li:Lexical Polarity 

Positive 

Lexically bound (either in a separate lexical item or as a 

suffix or prefix) polarity that is modifying something else. It 

will be related by confirmation. 

shows, evidence, noted, present 

Li:Modality Modality in the positive direction possibly, probably, may, definite  

Li:Mood and Comment 

Adjuncts 
Indication of degree or intensity mild, moderate, some, small 

Li:Temporality Any reference to temporal indicators previous, precursor, early, late 

Sy:Diagnosis This refers to the diagnosis of the lesion within the specimen.  
malignant melanoma, melanoma, 

basal cell carcinoma  

Sy:Regression Any reference to regression within the lesion regression, regressive activity 

Sy:Subtype 

Refers to the histological type and classification of the 

melanoma only and will typically map onto the diagnosis or 

in descriptions of the lesion 

superficial spreading type, nodular, 

lentigo maligna 

St:Clinical History 

Heading 

Any heading that pertains to the history of the patient (or the 

specimen if no specimen heading included) 

CLINICAL NOTES, CLINICAL 

DETAILS, CLINICAL HISTORY  

St:Specimen Heading Any heading that pertains to Specimen.  
SPECIMEN, SPECIMEN 

LABELLED 

St:Macroscopic 

Heading 
Any heading that pertains to the Macroscopic Examination.  

MACROSCOPIC, 

MACROSCOPIC EXAMINATION, 

MACROSCOPIC REPORT  

https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionInsitu
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcsionInvasive
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/DesmoplasiaTumour
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/TilsDensityDistribution
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SolarElastosis
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/DermalFibrosis
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/VascularLymphaticInvasion
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/VascularLymphaticInvasion
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/NeurotropismReference
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/BreslowThickness
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/BreslowThickness
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/LexicalPolarity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/LexicalPolarity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/PolarityPossible
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/MoodAdjunct
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/TemporalityPrevious
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/DiagnosisSyn
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/RegressionPresent
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SubtypeDiagnosis
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ClinicalHistoryHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ClinicalHistoryHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SpecimenHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/MacroscopicHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/MacroscopicHeading
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St:Microscopic 

Heading 
Any heading that pertains to the Microscopic Examination 

MICROSCOPIC, MICROSCOPIC 

REPORT, MICROSCOPIC 

EXAMINATION 

St:Diagnosis Heading 
Any heading pertaining to the diagnostic summary generally 

present at the end of the report. 

DIAGNOSIS, SUMMARY, 

CONCLUSIONS  

St:Comment Heading 
Any (sub)heading that pertains to comments made by the 

clinician. 
Comment, COMMENT 

St:Sub Heading 

Any miscellaneous subheading that does not fall under the 

aforementioned structural headings tags, especially when 

there are multiple specimens that occur within a report  

Growth pattern, Lines of Excision, 

Cytological features  

 

https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/MicroscopicHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/MicroscopicHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/DiagnosisHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/CommentHeading
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SubHeading
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Appendix 2. List of specific section headings for each concept 

category 

 

By computing the distributions for each concept category in all section headings, specific section 

headings for the associated category (with the most frequent distribution(s)) can be acquired, which are 

displayed as follows: 

 

Concept category Section headings 

De:Site and Laterality  “CLINICAL HISTORY”, “SPECIMEN” 

De:Ulceration  “MICROSCOPIC” 

De:Dermal Mitoses  “MICROSCOPIC” 

In:Breslow Thickness (mm)  “MICROSCOPIC” 

In:Clark Level  “MICROSCOPIC” 

In:Vascular/Lymphatic  “MICROSCOPIC” 

In:Neurotropism  “MICROSCOPIC” 

En:Satellites  “MICROSCOPIC” 

En:Associated naevus (type)  “MICROSCOPIC” 

Ma:Excision In Situ  “MICROSCOPIC” 

Ma:Excision Invasive  “MICROSCOPIC” 

Ma:Excision Deep  “MICROSCOPIC” 

Re:Desmoplasia  “MICROSCOPIC” 

Sy:Subtype  “MICROSCOPIC” 

De:Specimen Type  “CLINICAL HISTORY”, “SPECIMEN” 

De:Size “MACROSCOPIC” 

En:Lesion (other) “MICROSCOPIC” 

Re:TILs “MICROSCOPIC” 

Ma:Excision Clear “MICROSCOPIC” 

Sy:Regression “MICROSCOPIC” 

De:Cell Growth Pattern “MICROSCOPIC” 

 

Note: only concept categories used to generate the structured outputs are presented. 
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Appendix 3. Criteria for ranking candidate concepts 

The general criteria can be applied to multiple concept categories, while the special criteria can be only 

applied to one specific concept category.  

Criteria 

type 

 Criteria Value and description Concept categories 

General Length 1, if it is the longest candidate; else 0. “De:Site and Laterality”, “De:Ulceration”, 

“In:Vascular/Lymphatic”, 

“En:Associated naevus (type)”, ” De:Specimen 

Type” 

Uppercase 1, if it is uppercase; else 0. “De:Site and Laterality”, “De:Ulceration”, 

“In:Clark Level”, “Sy:Diagnosis” 

Polarity 1, if concept(s) of “Li:Lexical 

Polarity  Negative” or “Li:Lexical 

polarity Positive” and the candidate 

occur in the same sentence; else 0. 

“De:Ulceration”, “De:Cell Type”, “En:Associated 

naevus (type)”, “In:Vascular/Lymphatic”, 

“In:Neurotropism”, “En:Satellites”, 

“Re:Desmoplasia”,  “Sy:Diagnosis”, 

“Sy:Subtype” 

Number 1, if it contains number(s); else 0. “De:Ulceration”, “De:Dermal Mitoses”, 

“In:Breslow Thickness (mm)”, “Ma:Excision In 

Situ”, “Ma:Excision Invasive”, “Ma:Excision 

Deep” 

Clear 1, if concept(s) of “Ma:Excision 

Clear” and the candidate occur in the 

same sentence; else 0. 

“Ma:Excision In Situ”, “Ma:Excision Invasive”, 

“Ma:Excision Deep” 

Occurrence Variable values (the occurrences of 

the tokens inside it in other 

candidates), if the tokens inside it 

occur in other candidates; else 0.  

“De:Site and Laterality”, “Sy:Diagnosis”  

Primary 1, if it refers to the primary lesion: 

else 0. 

“Ma:Excision In Situ”, “Ma:Excision Invasive”, 

“Ma:Excision Deep” 

Modality 1, if concept(s) of “Li:Modality” and 

the candidate occur in the same 

sentence; else 0. 

“De:Ulceration”, “En:Associated naevus (type)”, 

“In:Vascular/Lymphatic”, “In:Neurotropism”, 

“En:Satellites”, “Re:Desmoplasia”, 

“Sy:Diagnosis”, “Sy:Subtype” 

Temporality 1, if concept(s) of “Li: Temporality” 

and the candidate occur in the same 

sentence; else 0. 

“Sy:Diagnosis”, “De:Cosmetic Changes”, 

“Sy:Regression” 

Special Body_structure 1, if its medical category is “Body 

structure”; else 0. 

“De:Site and Laterality” 

https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SubtypeDiagnosis
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionClear
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionClear
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SubtypeDiagnosis
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/CosmeticChange
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/RegressionPresent
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Laterality 1, if it contains word(s) indicating 

laterality (e.g., “left”, „right”); else 0. 

“De:Site and Laterality” 

Melanoma 1, if it contains “melanoma”, 

“malignant”, “malignancy”, or 

“tumour”; else 0. 

“Sy:Diagnosis” 

Naevus 1, if it contains “naevus”; else 0. “En:Associated naevus (type)” 

Level 1, if it states the level explicitly (e.g., 

“Clark level III”), instead of the 

description (e.g., “extending into and 

filling the papillary dermis”); else 0. 

“In:Clark Level” 

Regress 1, if it contains word(s)        

indicating stage or characteristic; else 

0. 

'Sy:Regression' 

Dimension 1, if it contains “x” ; else 0. “De:Size” 

Position 1, if it is in the first place; else 0  “De:Size” 

Specimen_ type 1, if concept(s) of “De:Specimen 

type” and the candidate occur in the 

same sentence; else 0. 

“De:Size” 

Positive 1, if its polarity is “positive”; else 0. “Ma:Excision Clear” 

Margin 1, if concept(s) of “Ma:Excision In 

Situ”, “Ma:Excision Invasive”, 

“Ma:Excision Deep” and the 

candidate occur in the same sentence; 

else 0. 

“Ma:Excision Clear” 

Distrubution_density 2, if it or 'Li:Mood and Comment 

Adjuncts' instances around it contains 

word(s)  indicating distribution and 

density; 1, if only distribution or 

density; else 0. 

“Re:TILs” 

 

https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SizeEntity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SizeEntity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SpecimenType
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SpecimenType
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/SizeEntity
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionClear
https://svn.it.usyd.edu.au/trac/QUPP_Melanoma/wiki/ExcisionClear
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Appendix 4. Possible values for each item in the structured 

template.  

Section Item Value 

Diagnostic Summary 

Summary  
The contents in “DIAGNOSIS” 

section, N/A 

Comment 
The contents in “COMMENT” 

section, N/A 

Supporting Information 

CLINICAL 

Description 

The contents in “CLINICAL 

HISTORY” and / or 

“SPECIMEN” sections, N/A 

Site and laterality a particular site, N/A 

Clinical diagnosis 

a particular diagnosis (polarity 

or modality may be included) , 

N/A 

Specimen type a particular specimen type, N/A 

Prev. Rx / Trauma 

a cosmetic change indicating 

trauma/surgery(temporality) , 

N/A 

Previous melanoma present, absent, modality, N/A 

Distant metastasis present, absent, modality, N/A 

Other medical history 
particular medical histories, 

none relevant 

MACROSCOPIC 

Description 

The contents in 

“MACROSCOPIC” section, 

N/A 

Size of specimen a particular size, N/A 

Other lesions present, absent, modality, N/A 

MICROSCOPIC 

Description 

The contents in 

“MICROSCOPIC” section, 

N/A 

Diagnosis 

a particular diagnosis (polarity 

or modality may be included), 

N/A 

Tumour thickness a particular thickness, N/A 

Excision margins: 

Invasive 

particular size(s)(polarity or 

modality for „clear‟ may be 

included) , N/A 

Excision margins: 

In-situ 

particular size(s) (polarity or 

modality for „clear‟ may be 

included), N/A 
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Excision margins: 

Deep 

particular size(s) (polarity or 

modality for „clear‟ may be 

included), N/A 

Ulceration (mm diam) 
present (a particular size), 

present , absent, modality, N/A 

Mitotic rate a particular rate, N/A 

Microsatellites present , absent, modality, N/A 

Level of invasion (Clark) particular level(s) , N/A 

Lymphovascular invasion present , absent, modality, N/A 

TILs present , absent, modality, N/A 

TILs: Distribution 

band-like, band like, extensive, 

diffuse, patchy, focal, scattered, 

peripheral, N/A 

TILs: Density sparse, dense, heavy, light, N/A 

Regression 

present (stage or characteristic 

may be included), absent, 

modality , N/A 

Desmoplasia present , absent, modality, N/A 

Neurotropism present , absent, modality, N/A 

Assoc. benign naevus 
a particular naevus type, 

absent, N/A 

Cell growth 
particular cell growth 

pattern(s) , N/A 

Subtype a particular subtype, N/A 
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Appendix 5. Structured output for a multiple specimen 

document 
Figure 3. An example of the structured output for a multiple specimen document in the melanoma 

corpus. 

<?xml version="1.0" encoding="utf-8" ?>  

- <file file_name="257"> 

- <sections sections="Diagnostic Summary"> 

  <section section="Summary">SKIN, LEFT BACK: MALIGNANT MELANOMA (SEE ABOVE) SKIN, LEFT JAW: 

ATYPICAL CHANGES (SEE ABOVE)</section>  

  <section section="Comment">N/A</section>  

  </sections> 

- <sections sections="Supporting Information"> 

- <section section="CLINICAL"> 

  <clini description="Description">(1) left back ?? nodular atypical mole (2) Left jaw ? IESCC</clini>  

- <specimen id="1"> 

  <tag type="Site and laterality">left back</tag>  

  <tag type="Specimen type">ellipse of skin</tag>  

  <tag type="Prev. Rx / Trauma">N/A</tag>  

  <tag type="Clinical diagnosis">possibly atypical mole;possibly nodular</tag>  

  <tag type="Previous melanoma">N/A</tag>  

  <tag type="Distant metastasis">possibly</tag>  

  <tag type="Other medical history">None relevant</tag>  

  </specimen> 

- <specimen id="2"> 

  <tag type="Site and laterality">left jaw</tag>  

  <tag type="Specimen type">multiple fragments of skin</tag>  

  <tag type="Prev. Rx / Trauma">N/A</tag>  

  <tag type="Clinical diagnosis">possibly iescc</tag>  

  <tag type="Previous melanoma">N/A</tag>  

  <tag type="Distant metastasis">N/A</tag>  

  <tag type="Other medical history">None relevant</tag>  

  </specimen> 

  </section> 

- <section section="MACROSCOPIC"> 

  <macro description="Description">: (1) The specimen consists of a punch biopsy of skin 6 x 9mm bearing a pigmented 

lesion 3mm in diameter and an ellipse of skin measuring 14 x 12 x 3mm. (2) The specimen consists of multiple fragments of 

skin 1 -3mm in diameter.(CD)</macro>  

- <specimen id="1"> 

  <tag type="Size of specimen">6mm x 9mm</tag>  

  <tag type="Other lesions">N/A</tag>  

  </specimen> 

file:///U:/melanoma/xml_3/257.xml
file:///U:/melanoma/xml_3/257.xml
file:///U:/melanoma/xml_3/257.xml
file:///U:/melanoma/xml_3/257.xml
file:///U:/melanoma/xml_3/257.xml
file:///U:/melanoma/xml_3/257.xml
file:///U:/melanoma/xml_3/257.xml
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- <specimen id="2"> 

  <tag type="Size of specimen">N/A</tag>  

  <tag type="Other lesions">N/A</tag>  

  </specimen> 

  </section> 

- <section section="MICROSCOPIC"> 

  <micro description="Description">: (1) Sections show a nodular proliferation of atypical melanocytes within the dermis. 

Very occasional atypical cells are present within the epidermis which may represent epidermal invasion, however there is 

no definite junctional component. There is focal late regression and a mild infiltrate of tumour associated lymphocytes. The 

appearances are consistent with malignant melanoma of nodular type with a Breslow thickness of 1.6mm and Clark level 

IV. The dermal mitotic rate is approximately 10/mm2r. No definite neurotropism, or vascular invasion is seen, however 

there is possible appendageal involvement. The lesion appears to extend to within 1.8mm of the nearest vertical excision 

margin and to within 0.2mm of the deep plane. In view of the dermal nature of the lesion, the possibility of the lesion being 

metastatic in nature, cannot be excluded. (2) The superficial fragments of epidermis show focal parakeratosis and there is 

some mild atypia of the basal keratinocytes, suggestive of an actinic keratosis. Within the epidermis there are occasional 

cells with clear cytoplasm and although these cells may represent vacuolated keratinocytes, in view of the small amount of 

material present, epidermal invasion cannot be excluded with certainty. No dermis is present. Depending on the clinical 

findings, if there is concern, complete excision and further histological assessment of this lesion may be 

appropriate.</micro>  

- <specimen id="1"> 

  <tag type="Ulceration(mm diam)">N/A</tag>  

  <tag type="Mitotic rate">10/mm2</tag>  

  <tag type="Tumour thickness">1.6mm</tag>  

  <tag type="Level of invasion (Clark)">IV</tag>  

  <tag type="Lymphovascular invasion">absent</tag>  

  <tag type="Neurotropism">absent</tag>  

  <tag type="Microsatellites">N/A</tag>  

  <tag type="Assoc. benign naevus">N/A</tag>  

- <tag type="Excision margins"> 

  <Excision margin="In-situ">N/A</Excision>  

  <Excision margin="Invasive">1.8mm</Excision>  

  <Excision margin="Deep">0.2mm</Excision>  

  </tag> 

  <tag type="Desmoplasia">N/A</tag>  

  <tag type="Diagnosis">malignant melanoma</tag>  

  <tag type="Subtype">nodular type</tag>  

- <tag type="TILs"> 

  present  

  <TILs description="Distribution">N/A</TILs>  

  <TILs description="Density">N/A</TILs>  

  </tag> 

  <tag type="Regression">present(late)</tag>  

  <tag type="Cell growth">proliferation</tag>  

  </specimen> 

file:///U:/melanoma/xml_3/257.xml
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- <specimen id="2"> 

  <tag type="Ulceration(mm diam)">N/A</tag>  

  <tag type="Mitotic rate">N/A</tag>  

  <tag type="Tumour thickness">N/A</tag>  

  <tag type="Level of invasion (Clark)">N/A</tag>  

  <tag type="Lymphovascular invasion">N/A</tag>  

  <tag type="Neurotropism">N/A</tag>  

  <tag type="Microsatellites">N/A</tag>  

  <tag type="Assoc. benign naevus">N/A</tag>  

- <tag type="Excision margins"> 

  <Excision margin="In-situ">N/A</Excision>  

  <Excision margin="Invasive">N/A</Excision>  

  <Excision margin="Deep">N/A</Excision>  

  </tag> 

  <tag type="Desmoplasia">N/A</tag>  

  <tag type="Diagnosis">atypical changes</tag>  

  <tag type="Subtype">actinic keratosis</tag>  

- <tag type="TILs"> 

  N/A  

  <TILs description="Distribution">N/A</TILs>  

  <TILs description="Density">N/A</TILs>  

  </tag> 

  <tag type="Regression">N/A</tag>  

  <tag type="Cell growth">epidermal invasion</tag>  

  </specimen> 

  </section> 

  </sections> 

  </file> 

file:///U:/melanoma/xml_3/257.xml
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Appendix 6. Structured output for a single specimen 

document  

Figure 4. An example of the structured output for a single specimen document in the melanoma 

corpus. 

<?xml version="1.0" encoding="utf-8" ?>  

- <file file_name="446"> 

- <sections sections="Diagnostic Summary"> 

  <section section="Summary">SKIN, UPPER BACK: LENTIGO MALIGNA, SUSPICIOUS FOR SMALL CELL 

MELANOMA (SEE REPORT)</section>  

  <section section="Comment">N/A</section>  

  </sections> 

- <sections sections="Supporting Information"> 

- <section section="CLINICAL"> 

  <clini description="Description">Pigmented macuLe upper back ? lentigo maligna ? solar lentigo</clini>  

- <specimen id="1"> 

  <tag type="Site and laterality">upper back</tag>  

  <tag type="Specimen type">punch biopsy</tag>  

  <tag type="Prev. Rx / Trauma">N/A</tag>  

  <tag type="Clinical diagnosis">possibly solar lentigo;possibly lentigo maligna</tag>  

  <tag type="Previous melanoma">N/A</tag>  

  <tag type="Distant metastasis">N/A</tag>  

  <tag type="Other medical history">macule</tag>  

  </specimen> 

  </section> 

- <section section="MACROSCOPIC"> 

  <macro description="Description">The specimen consists of a punch biopsy of skin 5 x 3mm. All embedded. (CD)</macro>  

- <specimen id="1"> 

  <tag type="Size of specimen">5mm x 3mm</tag>  

  <tag type="Other lesions">N/A</tag>  

  </specimen> 

  </section> 

- <section section="MICROSCOPIC"> 

  <micro description="Description">Sections of skin show a lentiginous and nested proliferation of moderately atypical 

melanocytes at the dermoepidermal junction and extending down follicular infundibula, consistent with lentigo maligna. 

The underlying dermis contains several irregularly outlined nests of small hyperchromatic nevocellular melanocytes 

within an area of fibrous regression. No dermal mitoses are seen. These cells show focal positive staining for HMB-45, and 

negative staining for Ki-67. The appearances are those of lentigo maligna, with an underlying dermal component which is 

suspicious for small cell melanoma, Clark level 2, maximum Breslow thickness 0.40mm, No vascular invasion, 

neurotropism or ulceration is seen. The lesion extends to the lateral margins, and complete excision is 

recommended.</micro>  

- <specimen id="1"> 
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  <tag type="Ulceration(mm diam)">absent</tag>  

  <tag type="Mitotic rate">N/A</tag>  

  <tag type="Tumour thickness">0.40mm</tag>  

  <tag type="Level of invasion (Clark)">II</tag>  

  <tag type="Lymphovascular invasion">absent</tag>  

  <tag type="Neurotropism">absent</tag>  

  <tag type="Microsatellites">N/A</tag>  

  <tag type="Assoc. benign naevus">N/A</tag>  

- <tag type="Excision margins"> 

  <Excision margin="In-situ">N/A</Excision>  

  <Excision margin="Invasive">N/A</Excision>  

  <Excision margin="Deep">N/A</Excision>  

  </tag> 

  <tag type="Desmoplasia">N/A</tag>  

  <tag type="Diagnosis">possibly small cell melanoma</tag>  

  <tag type="Subtype">lentigo maligna</tag>  

- <tag type="TILs"> 

  N/A  

  <TILs description="Distribution">N/A</TILs>  

  <TILs description="Density">N/A</TILs>  

  </tag> 

  <tag type="Regression">present(fibrous)</tag>  

  <tag type="Cell growth">several irregularly outlined nests, lentiginous and nested proliferation</tag>  

  </specimen> 

  </section> 

  </sections> 

  </file> 

 

file:///U:/melanoma/xml_3/446.xml
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Appendix 7. Modality dictionary 

A standard dictionary to present modality in the template is shown as follows: 

 

Instance of “Li:Modality” Group 

alternatively cannot exclude 

but not diagnostic of cannot exclude 

cannot be confidently excluded cannot exclude 

cannot be determined cannot exclude 

cannot be entirely excluded cannot exclude 

cannot be guaranteed cannot exclude 

cannot be totally excluded cannot exclude 

cannot determine cannot exclude 

cannot exclude cannot exclude 

certain definitely 

could not be entirely excluded cannot exclude 

maybe possibly 

most likely probably 

most probably probably 

not absolutely certain possibly 

only just marginally cannot exclude 

query possibly 

raise the possibility possibly 

seems possibly 

susp possibly 

uncertain cannot exclude 

unequivocally definitely 

whether possibly 

borderline possibly 

cannot be completely ruled out cannot exclude 

if possibly 

presumably probably 

suspicious possibly 

suspicious of possibly 

cannot be excluded cannot exclude 

likely probably 

suspicious for possibly 

?? possibly 

possibility possibly 

convincing probably 

possible possibly 
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possibly possibly 

probably probably 

definite definitely 

may possibly 

? possibly 
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Appendix 8. Rule System for populating structured output for 

the melanoma corpus 

BCI: Best Candidate Instance (details for the selection of BCI are present in the project report) 

Default value is “N/A” (for most items) or “none relevant” (for item “Other medical history” only) if 

BCI is Not found. 

General_Rule_1: Extract one-dimension size from the instance(s); If instance(s) of “Ma:Excision Clear” 

is present, it will be also included. 

General_Rule _2: If instance(s) of “Li:Modality” is in the same sentence, then the value is modality + 

BCI; if instance(s) of “Li:Lexical Polarity  Negative” is in the same sentence, then the value is “no” + 

BCI; if instance(s) of “Li:Lexical polarity Positive” is in the same sentence, then the value is BCI; if no 

instances mentioned above in the same sentence, but BCI is found, then the value is BCI as well; else, 

the value is “N/A”. 

General_Rule _3: Extract one-dimension size from the instance(s) if it is present. 

General_Rule _4: If instance(s) of “Li:Modality” is in the same sentence, then the value is modality; if 

instance(s) of “Li:Lexical Polarity  Negative” is in the same sentence, then the value is “absent”; if 

instance(s) of “Li:Lexical polarity Positive” is in the same sentence, then the value is “present”; if no 

instances mentioned above in the same sentence, but instance(s) of BCI  is found, then the value is 

“present” as well; else, the value is “N/A”. 

Examples are displayed in this format: Instance(s) before post-process   Value after post-process. For 

complicated examples, instances will be followed by their annotation types as well.   
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Section Item Statement Post-process 

Diagnostic Summary Summary  The contents in the 

“DIAGNOSIS” section 

 

Comment The contents in the 

“COMMENT” section 

 

Supporting 

Information 

CLINICAL Description The contents in the “CLINICAL 

HISTORY” and / or 

“SPECIMEN” sections 

 

Site and 

laterality 

BCI of “De:Site and Laterality”  

 

Expand abbreviations to full expressions: “L”, “(L)”, “Lt”  “left”; 

“R”, “(R)”, “Rt”  “right”. 

 

Examples:  

(1) “L Arm”  “left arm”; (2) “(R) face”  “right face”. 

 

Clinical 

diagnosis 

BCI of “Sy:Diagnosis”, 

“Sy:Subtype”,  “En:Associated 

naevus (type)” in “CLINICAL 

HISTORY” and / or 

“SPECIMEN” sections 

 

General_Rule_2. 

 

Examples:  

(1) “?[“Li:Modality”] lentigo maligna[“Sy:Subtype”]”  “possibly lentigo 

maligna”; 

(2) “exclude[“Li:Lexical Polarity  Negative”]  malignant 

melanoma[“Sy:Diagnosis”]”  “no malignant melanoma”. 

Specimen type BCI of “De:Specimen Type”  

Prev. Rx / 

Trauma 

BCI of “De:Cosmetic Changes” 

(indicating “trauma”/ “Rx”) 

Only if instance(s) of “Li:Temporality” is in the same sentence, the value is BCI 

(temporality). 

 

Example: 

(1) “previous [“Li:Temporality”] surgical procedure” [“De:Cosmetic Changes”] 

“surgical procedure(previous)”. 

Previous 

melanoma 

BCI of “Sy:Diagnosis” 

(indicating “melanoma”)  

 

Only if instance(s) of “Li:Temporality” is in the same sentence, then 

General_Rule_2. 

 

Example: 
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(1) “Past history[“Li:Temporality”]  of malignant melanoma[“Sy:Diagnosis”]”  

“present”. 

Distant 

metastasis 

BCI of “Sy:Diagnosis” 

(indicating “metastasis”)  

 

General_Rule_4. 

Other medical 

history 

BCI of “En:Primary Lesion”, 

“En:Associated naevus (type)”, 

“De:Cosmetic Changes” in 

“CLINICAL HISTORY” and / 

or “SPECIMEN” sections 

 

 

MACROSCOPIC Description The contents in 

“MACROSCOPIC” section  

 

Size of 

specimen 

BCI of 'De:Size'  

 

It is handled by a module called “SizeProcesser”. If “diameter” is indicated, it will 

be preserved. 

Generally, one-dimension size is presented as itself; two-dimension size is 

presented as “Dimension1  x Dimension2”; three-dimension size is presented as 

“Dimension1  x Dimension2 x Dimension3” ; four-dimension size is presented as 

“Dimension1  x Dimension2 x Dimension3 x Dimension4”. 

 

Examples:  

(1) “4mm in diameter and 2mm in depth”  “4mm  diameter and 2mm  

depth(4mm dia x 2mm)”;  

(2) “9.5mm dia”  “9.5mm diameter”;  

(3) “7x6mm”  “7mm x 6mm”;  

(4) “13x8x2mm”  “13 mm x 8mm x 2mm”; 

(5) “5 x 6 mm to a depth of 3 mm”  “5mm x 6mm x 3mm”;  

(6) “5mm and 7mm in maximal dimension”  “5mm x 7mm”;  

(7) “65mm in length, width of 30mm and maximum thickness of 13mm”  “65mm 

x 30mm x 13mm”;  

(8) “15mm in maximal dimension”  “15mm”; 

(9)  “17 x 12 mm across with a depth of up to 7 mm”  “17mm x 12mm x 7mm”; 

(10) “10x10x8mm and 4mm in depth”  “10mm x 10mm x 8mm x 4mm”. 

Other lesions BCI of “En:Lesion (other)” General_Rule_4. 
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MICROSCOPIC Description The contents in 

“MICROSCOPIC” section  

 

Diagnosis BCI of “Sy:Diagnosis” in 

“MICROSCOPIC” section 

General_Rule_2. 

 

Examples:  

(1) “no[“Li:Lexical Polarity  Negative”]   evidence of 

malignancy[“Sy:Diagnosis”]”  “no malignancy”; 

(2) “basal cell carcinoma”  “basal cell carcinoma”. 

Tumour 

thickness 

BCI of “In:Breslow Thickness 

(mm)”  

 

General_Rule_3. 

 

Examples: 

(1) “thickness of 5.0mm”  “5.0mm”; 

(2) “maximum depth of 1.0mm”  “1.0mm”. 

Excision 

margins: 

Invasive 

BCI of “Ma:Excision Invasive” 

 

General_Rule_1. 

 

Examples:  

(1) “Excision appears complete[“Ma:Excision Clear”]. Clearance values are 2.1mm 

and 1.1mm laterally[“Ma:Excision Invasive”] and 0.7mm to the deep 

surface[“Ma:Excision Deep”].”  “clear - 2.1mm and 1.1mm”;  

(2) “nearest margin of excision is 2.4mm”  “2.4mm”.  

Excision 

margins: 

In-situ 

BCI of “Ma:Excision In Situ” General_Rule_1. 

 

Examples:  

(1) “clear of the resection margins[“Ma:Excision Clear”] with a minimum 

measured deep clearance (from the invasive component) of 4.3mm[“Ma:Excision 

Invasive”] and a minimum measured lateral clearance (from the intraepidermal 

in-situ component) of 2.3mm[“Ma:Excision In Situ”].”  “clear - 2.3mm”;  

(2) “close to one lateral border, within 0.2mm”  “0.2mm”. 

Excision 

margins: 

Deep 

BCI of “Ma:Excision Deep” General_Rule_1. 

 

Examples:  

(1) “Excision appears complete[“Ma:Excision Clear”]. Clearance values are 2.1mm 

and 1.1mm laterally[“Ma:Excision Invasive”] and 0.7mm to the deep 

surface[“Ma:Excision Deep”].”  “clear - 0.7mm”;  
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(2) “deep margin is 1.4mm”  “1.4mm”. 

Ulceration (mm 

diam) 

BCI of “De:Ulceration” 

 

General_Rule_3 +  General_Rule_4. 

 

Examples:  

(1) “THE SURFACE ULCERATION MEASURES 4.5MM”   

“present(4.5mm)”;  

(2) “no[“Li:Lexical Polarity  Negative”] ulceration[“De:Ulceration”]”  

“absent”. 

Mitotic rate BCI of “De:Dermal Mitoses”  

 

Extract number(s) and unit(s) from BCI. If more than one unit is present, choose 

one of them at random.  

 

Examples:  

(1) “four to eight mitoses per high power field”  “4-8/hpf”;  

(2) “Mitoses are less than ten per high powered fields”  “less than 10/hpf”;  

(3) “average 3-4 per mm square”  “3-4/mm2”;  

(4) “mitotic activity of up to 

2 mitoses/mm2”  “2/mm2”;  

(5) “average 1 per 5 high power fields”  “1/5 hpf”;  

(6) “rate of mitosis is 5 per mm2 or 1 per hpf, grade II”  “1/hpf”. 

Microsatellites BCI of “En:Satellites” 

 

General_Rule_4. 

 

Example: 

(1) “?[“Li:Modality”] SATELLITE FOCUS[“En:Satellites”]”  “possibly”. 

Level of 

invasion (Clark) 

BCI of “In:Clark Level”  

 

Convert Arabic number(s) to Roman numeral(s). 

Extract Roman numeral(s) from BCI.  

 

Examples:  

(1) “Clark level IV”  “IV”; 

(2) “Clark level 3-4”  “III-IV”. 

Lymphovascula

r invasion 

BCI of “In:Vascular/Lymphatic” General_Rule_4. 

 

TILs BCI of “Re:TILs” General_Rule_4. 

 

TILs: BCI of “Re:TILs” Extact adjective(s) indicating distribution from BCI or “Li:Mood and Comment 
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Distribution Adjuncts” instances around BCI.   

 

Examples: 

(1) “light[“Li:Mood and Comment Adjuncts”]  chronic[“Li:Temporality”] 

inflammatory cell infiltrate”[ “Re:TILs”]  “light”; 

(2) “heavy[“Li:Mood and Comment Adjuncts”]   band-like lymphocytic infiltrate 

[ “Re:TILs”]”  “band-like”; 

(3) “focal  lymphocytic inflammation”  “focal”;  

(4) “sparse[“Li:Mood and Comment Adjuncts”]   patchy[“Li:Mood and Comment 

Adjuncts”]   lymphoid infiltrate[“Re:TILs”]”  “patchy”. 

TILs: Density BCI of “Re:TILs” Extact adjective(s) indicating density from BCI or “Li:Mood and Comment 

Adjuncts” instances around BCI. 

 

Examples: 

(1) “dense[“Li:Mood and Comment Adjuncts”] lymphoid infiltrate [ “Re:TILs”]” 

 “dense”;  

(2) “heavy[“Li:Mood and Comment Adjuncts”]   band-like lymphocytic infiltrate 

[ “Re:TILs”]”  “heavy”;  

(3) “sparse[“Li:Mood and Comment Adjuncts”]   patchy[“Li:Mood and Comment 

Adjuncts”]   lymphoid infiltrate[“Re:TILs”]”  “sparse”. 

Regression BCI of “Sy:Regression”   Extract regression type from BCI. 

General_Rule_4. 

If instance(s) of “Li:Temporality” is in the same sentence, it will be included.  

 

Examples:  

 (1) “possible[“Li:Modality”]  partial regression[“Sy:Regression”]”  

“possibly(partial)”; 

(2) “in keeping with[“Li:Lexical polarity Positive”]  active 

regression[“Sy:Regression”]”  “present(active)”;  

(3) “consistent with[“Li:Lexical polarity Positive”] early[“Li:Temporality”] 

regression[“Sy:Regression”]”  “present(early)”. 

Desmoplasia BCI of “Re:Desmoplasia”   General_Rule_4. 

 

Neurotropism BCI of “In:Neurotropism”   General_Rule_4. 

 



 

Automatic Population of Structured Reports 35 

Assoc. benign 

naevus 

BCI of “En:Associated naevus 

(type)” Not in “CLINICAL 

HISTORY” and / or 

“SPECIMEN” sections 

Extract naevus type from BCI. 

If instance(s) of “Li:Modality” is in the same sentence, then the value is a 

modality + naevus type; if instance(s) of “Li:Lexical Polarity  Negative” is in 

the same sentence, then the value is “absent”; if instance(s) of “Li:Lexical 

polarity Positive” is in the same sentence, then the value is naevus type; if no 

instances mentioned above in the same sentence, but BCI is found, then the value is 

naevus type as well; else, the value is “N/A”. 

 

Examples:  

(1) “arising from a dysplastic naevus”  “dysplastic naevus”;  

(2) “compound naevus”  “compound naevus”;  

(3) “no[“Li:Lexical Polarity  Negative”]  associated naevus[“En:Associated 

naevus (type)”]”  “absent”. 

Cell growth BCI of “De:Cell Growth 

Pattern” 

 

Subtype BCI of “Sy:Subtype” Not in 

“CLINICAL HISTORY” and / 

or “SPECIMEN” sections 
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Appendix 9. Screenshots from the Structured Reporting Web Page 

View 1. Annotations of relevant medical entities 
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View 2. Population of the structured report – Part 1 
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View 3 – Population of the Structured Report - Part 2 


