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ABSTRACT 
: Traditional Medical reports are hardcopies in natural language text but now data are electronically acquired, indexed and stored 

in databases. Theautomated system presented hereextractsfiveMalignant conditions and sixBenign conditions from natural 

language text in pathology reports using pattern matching rules. The extraction process had a percentage Precision of 98.36,and 

Accuracy of 93.72 for Malignant conditions. For Benign conditions, the system yielded a percentage Precision and Accuracy of 100. 

The extracted data is input to WEKA for Clustering, Classification, and Predictiontasks. The system clusters the patient population 

into patients with malignancy and those with no malignancy.A Classification model built on the malignancy status and the benign 

statuspredicts thepresence or absence of the pathological classification pTNM. The automated system performed with good 

precision to generate a Pathological summaryof the conditionof patients and validate the Pathological classification using machine 

learning approach. 
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INTRODUCTION 

 
Breast cancer is one of the most common causes of death in women worldwide and statistics reveals that 

India ranks top in the world in breast cancer deaths. This alarming fact necessitates early detection and 
treatment of the disease. Development of automated systems to process and analyze regional breast cancer data 
would help the Medical experts to understand the severity and spread of the disease in the patient population. 
Most of the Medical reports in India are written in natural language in a highly unstructured and heterogeneous 
format andprocessing of natural language text has many challenges as it requires handling of varied report 
formats, language style, and different representations of data. In India, medical data are rarely available for 
analysis and research. Hence many of the research works use online medical data such as Wisconsin Breast 
cancer data, SEER data etc. for their study. Developing an automated system for the medical domain also 
necessitates frequent and extensive support from Medical experts for meaningful implementation, analysis and 
inference from the results.The work presented in this paper was done with regional data and in consultation with 
domain experts. 

The corpus for this work isa set of breast cancer pathology reports obtained from a hospital in South India. 
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A list of malignancy and benign conditions relating to breast cancer was obtained from standard medical 
documentsand extracted from natural language text using pattern-matching rules. The Gold standard values to 
evaluate the extraction process were obtained through manual scrutiny of the reports by the Pathologists. The 
system compares the extracted data with the Gold standard values, to derive the evaluation parameters namely 
Precision, Recall, Accuracy, and F-Measure. 

In addition to extracting the details required to determine the malignancy status of patients from the natural 
language text, the system applies Machine learning approach to validate the Pathological classification in the 
report.As part of this work, Expectation-Maximization algorithm and Simple K-Means algorithm were used to 
cluster the extracted data. A classification model was built by the system by applying Decision-tree based 
classification algorithms. The system predictsthe presence or absence of the pathological Tumour-Lymph node-
Metastasis (pTNM) classification using the classification model built. The association between the malignancy 
status and the pTNM classification is also analyzed by the system.  

The aim of the work in extracting both the malignant and benign conditions in patients and mining the 
same is to provide an overall pathological summary of the patients’ conditions to the Medical experts and also 
to validate the pTNM classification which was derived by the Pathologist through manual scrutiny of reports. 

The paper is organized as follows: Section 2 describes Related Works that process Medical reports 
applying Information Extraction, and Data Mining tasks on different datasets. Section 3 explains the Materials 
and Methods used, Section 4 presents the Results Analysis and Interpretation and Section 5 presents the 
Conclusion. 

 
2. Related Works: 

Extraction of disease-related information and mining of the details from breast cancer reports in natural 
language text have been done in the past. Applying NLP techniques to find breast cancer recurrence was done 
by David S Carrell et al.  Efficient natural language processing on cancer documents require SNOMED CT 
codes and UMLS annotator to recognize the medical terms.  Nguyen et al. developed a rule-based cancer stage 
classification system using GATE. The system also used the text to SNOMED CT mapping to identify the 
medical terms.  

Mining of breast cancer data has been performed in many studies.Marafino et al. applied classifications on 
clinical text. Classifications on Breast Cancer data was performed by Chen Y Abraham et al., González Otal R, 
J. L,Lavanya D, K. Usha Rani, and Paulin F and A. Santhakumaran.Raj kamalkaur et al. performed a two-level 
diagnosis of breast cancer using data mining techniques. Arul Murugan et al. analyzed the Breast cancer data 
using Data Mining tools Ruijuan Hu performed association analysis on medical data and Murat Karabatak et al. 
developed an expert system to detect breast cancer based on association rules.  

Mining tools have been used in the study of breast cancer data. Zehra K. Senturk and Resul Kara used 
Rapid Miner for breast cancer diagnosis. Research work applying mining techniques tothe Wisconsin Breast 
Cancer Datasethave been done byMeghaRathi and Chetna Gupta, RonakSumbaly, N. Vishnusri, S. Jeyalatha, 
VikasChaurasia, Saurabh Pal, and ZehraKarapinarSenturk, Resul Kara. Ahmad LG, Eshlaghy AT, 
Poorebrahimi A, Ebrahimi M and Razavi AR have used online breast cancer data such as ICBC registry and 
DursunDelen et al.  haveworked on SEER data.RonakSumbaly, N. Vishnusri, S. Jeyalatha have diagnosed 
breast cancer using data mining techniques on the Wisconsin data set. OnurInan et al. applied Association rules 
and Principal Component Analysis (PCA) on the Wisconsin Breast Cancer dataset. Tintu P B and R. Paulin 
worked on detection of breast cancer using the Wisconsin Breast cancer dataset. Gouda I Salama et al. used 
three databases in the Wisconsin Breast Cancer dataset and applied different classifiers on them.  

The automated system developedas part of this work processes locally obtainedhighly unstructured textual 
Breast Cancer Pathological data, extracts the required informationto determine the malignancy status of 
patients, and validates the Pathological classification manually determined by Medical experts, using machine 
learning approach. 

 
MATERIALS AND METHODS 

 
3.1 The Dataset: 

The corpus consists of 150 Breast Cancer Pathology reports obtained from a hospital in South India. The 
domain experts were consulted to ensure understanding of Medical perspectives so that the technical 
implementation is precise and the results and inferences are relevant for decision-making. The de-identified 
pathology reports havethe following sections: Demographic information (with Report No. and Patient-Id only), 
Specimen, Clinical, Gross, Micro, and Impression.  

The system can operate in batch mode to process multiple reports or process individual reports. Processing 
bulk data would provide a quick summary of the patient population in terms of criticality of the disease as 
revealed through malignancy conditions and the pathological classification (pTNM). The workflow of the 
automatedsystem is shown in Figure 1. 
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Fig. 1: Workflow of the Extraction and Validationprocess  

 
3.2 Pre-processing of the Dataset and its contents: 

The system loads the corpus consisting of multiple Pathology reports as pdf file or txt file. Preprocessing, 
information extraction and mining are performed on the pathology reports in the corpus. The first pre-
processing step on the dataset is Report Segregation that splits asingle file with multiple reports into individual 
reports. TheSection segmentation process then extracts the various sections of the report and stores them into a 
database. The section headings are used in the report segregation and report segmentation tasks.Several 
preprocessing steps such as whitespace removal, normalization of measures, standardization of numerals in 
various forms, handling of abbreviations, variations in spellings of words and handling typographical errors are 
performed on the textual content of the reports. This standardizes and homogenizes the corpus for easy 
extraction. 

The important preprocessing tasks performed relating to this work are abbreviation handling, variations in 
spelling and handling typographical errors. Ductal Carcinoma in situ is referred as DCIS in reporting. The 
system expands such common medical abbreviations using a standard list of medical abbreviation obtained 
online. The extraction process is applied to the entire content of the report.  

 
3.3 Extraction of Malignancy Status: 

Extraction of malignancy and / or benign conditions from the reports of patients is vital to pathological 
classification. Pattern-matching rules are used to extract themalignant and benign conditions from the natural 
language text in the reports.Five ‘Malignant’ conditions and six benign conditions short-listed in consultation 
with the domain experts are extractedfrom the text. The five malignant conditions extracted by the system 
includeDuctal Carcinoma in situ, Infiltrating Ductal Carcinoma, Invasive Ductal Carcinoma, Invasive Lobular 
Carcinoma and Invasive Papillary Carcinoma, which are denoted by M1 to M5.Thesix benign conditions 
derived by the system denoted by B1 to B6include Fibrosis, Simple cyst, Hyperplasia,Fibro adenoma, 
Phyllodestumour, and Fat necrosis and oil cyst.The presence and / or absence of a malignant condition Mi and 
Benign condition Bi is indicated by Boolean values. The malignancy status and the benign status are determined 
using the formula. 

 
� − ������ =  �1 ⋁ �2 ⋁ �3 ⋁�4 ⋁ �5  

� − ������ =  �1 ⋁ �2 ⋁ �3 ⋁ �4 ⋁ �5 ⋁�6 

 
The malignant and benign status from the text that are derived manually constitute the Gold standard to 

validate the correctness of the extracted details.The system automatically generates a Discrepancy report when 
there is a mismatch between the Gold standard and the extracted values of M-status and B-status.  
 
3.4 Validation of Pathological Classification: 

The application interfaces with WEKA and provides the extracted details in the database as comma 
separated values for the tool to perform the mining tasks namelyClustering, Classification, Prediction and 
Association analysis.Clustering is performed on Patient Status to identify the number of patients affected with 
breast cancer and those that are not, using M-Status and B-Status. The clustering process also groups the 
pathology reports as correct or incorrect based on M-Status and the pTNM Classification to validate the 
correctness of the pathological classification given by the domain expert.  
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Classification is an important component of machine learning algorithms to extract rules and patterns from 
data that could be used for prediction.Feature selection is an important step in building a classification model as 
it selects the distinguishing features from a set of features and eliminates the irrelevant ones. The features 
selected for the Classification task are the M-Status, B-Status and the pTNM classification. A Classification 
model is built to train the system for the prediction of the presence or absence of the pathological classification 
in the report. J48, Naïve Bayes and Random Forestalgorithms are applied for the classification process. The 
system usesa training set of 100 reports to build the Classification model and a test set of 50 for prediction. The 
rules used to build the Classification model are given in Table 1. 

 
Table 1: Rules for Validation of pTNM Classification 

S. No. M-Status B-Status pTNM Validity of Classification 
1 0 0 0 Erroneous & impossible  
2 0 1 0 Valid 
3 1 0 1 Valid 
4 1 1 1 Valid 

 
The validity of the pTNM classification is based on the rules in Table 1. The rules can be interpreted as 

follows.  
i. The possibility of M-status and B-status being 0 is erroneous and an impossibility since a report will have 

either of these conditions after pathological examination by the domain expert.  
ii. pTNM classification is 0 if B-status alone is 1.  
iii.ThepTNM classification is 1 if M-Status is 1. 
iv. M-Status and B-Status are not mutually exclusive from the Medical perspective as a patient may have 

both malignant and benign conditions. Hence B-status can be 1 with a valid pTNM classification. 
The system checks the association between the Malignancy status and pTNM in the reports to validate the 

correctness of the pathological classification. 
 

Result Analysis And Interpretation: 
This section presents the results of the extraction and mining tasks performed by the automated system. To 

evaluate the process that extracts the malignancy and benign conditions, the system derives the True positives 
(TP), True negatives (TN), False positives (FP) and False Negatives (FN) by comparing the Gold standard 
values and the extracted values. The analysis parameters are derived using the formulalisted below.  

 
Precision = TP / (TP+FP) 
Recall = TP / (TP+FN) 
Accuracy = (TP+TN)/(TP+FP+FN+TN) 
F-measure = 2x((Precision x Recall)/(Precision+Recall)) 

 
The analysis report for the extraction of malignant and benign conditions are presented in Table 2 and 

Table 3. 
 

Table 2: Analysis – Extraction of Malignant Conditions  
Malignant Conditions Pr. Rec. Acc. F-measure 
DCIS 97.5 85.2 83.7 0.9094 
Inf. DC 97.8 94.4 92.5 0.9607 
Inv. DC 96.5 98.5 95.2 0.9749 
Inv. LC 100.0 98.6 98.6 0.9929 
Inv. PC 100.0 98.6 98.6 0.9929 

 
The rate of precision in extracting the malignant conditions is less due to the possibility that the type of 

carcinoma (infiltrating / invasive) are represented indirectly in the textual content. This requires much finer 
search.  

 
Table 3: Analysis – Extraction of Benign Conditions 

Benign Conditions Pr. Rec. Acc. F-measure 
Fibrosis 100.0 100.0 100.0 1.0000 
Simple cyst 100.0 100.0 100.0 1.0000 
Hyperplasia 100.0 100.0 100.0 1.0000 
Fibro adenoma 100.0 100.0 100.0 1.0000 
PhyllodesTumour 100.0 100.0 100.0 1.0000 
Fat Nec..&Oil cyst 100.0 100.0 100.0 1.0000 
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The extraction process performed with absolute precision for benign conditions is due to the fact that 
benign conditions are simple medical terms which are directly mentioned in the reports. 

The corpus has 150 reports and the extraction process eliminated the two duplicate reports at the 
preprocessing stage. Hence, Clustering of the patient population using EM and Simple K-Means algorithm 
showed that 134 patients had malignancy and 14 were free of breast cancer.Clustering to check the correctness 
of the reports indicate that 134 reports had pathological classification and 14 had no classification.The 
classification algorithms J48, Naïve Bayes and Random Forest were applied on the Gold standard data and the 
extracted data. The classifier model identified 84 reports with pTNM classification and 16with no pathological 
classification. 

The Random Forest algorithm yielded the best results in predicting the presence or absence of pTNM 
classification based on the Classification model built on a training set of 100 reports. The prediction of pTNM 
classification on the test set of 50 yielded 100% accuracy. 

 
Conclusion: 

The work presented here successfully extracted 5 malignant conditions with an average precision of and 6 
benign conditions from pathology reports. The extraction showed an average precision of 98.36% for malignant 
conditions and 100% for benign conditions. In the future an exhaustive list of malignancy and benign conditions 
associated with breast cancer could be incorporated into the system.The developed system provides a 
considerably good automated support by providing the pathological summary on the patient population and 
validating the manual pathological classification in the natural language reports. 

A few areas of enhancement in the system are identified for future work. The Pathological classification is 
not available in some reports. Handling these exceptions would provide a robust system. The vast and varying 
terms used in the reports necessitate the use of Medical Thesaurus to process natural language reports. Also the 
system could be tested only on a small dataset of 150 reports, which is a major constraint in deriving all the 
associations by the mining tool.  
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Sample Pathology Report 
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Extracted Malignant and Benign status 
 


