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Abstract: Breast cancer pathology reports are used in the diagnosis of 
the disease and determination of the stage of cancer in a patient. 
These reports are written or electronically generated by the 
Pathologist in English. The contents of a Pathology report generated 
by the Pathologist are usually in unstructured natural language 
form. The contents of a report are used to determine the Pathological 
classification and Cancer stage of a patient. Information extraction 
and making pathological decisions from natural language text is a 
complex process due to the heterogeneity of the report structure and 
its contents. The reports can be homogenized using the global 
annotation standard Systematized Nomenclature of Medicine – 
Clinical Terms, SNOMED-CT. It enables consistent representations 
of medical terms and can be used for clinical decision support 
systems (CDSS) and cancer reporting. SNOMED is a vast repository 
and its enormity and complexity necessitates extraction of a subset 
for a particular domain before using it for annotation. The 
annotation is performed either in online mode at the time of 
generation of the report or in offline mode on a batch of archived 
reports. A CDSS prototype is developed for breast cancer domain, 
which provides support to the Pathologist to determine the 
Pathological Classification and Cancer Staging on both natural 
language text and SNOMED-annotated text. With regard to 
Pathological decisions, a hypothesis is formulated that Annotation 
using SNOMED does not improve the system’s performance in 

determining the cancer stage of a patient. For annotating the text, the 
system initially extracts a SNOMED subset for the domain. 
Performance Analysis of the decision support processes was done by 
determining Precision, Recall, Specificity, Accuracy, F-measure and 
Error. The analysis indicates that the annotation feature improved 
the accuracy of automated Pathological decisions presented by the 
CDSS to the Clinician for finalizing his decisions. In the future, the 
CDSS feature can be applied to other cancer domains and thus 
provide a means to improve decision-making related to those 
domains. 
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I. INTRODUCTION 

India is ranked at the top in breast cancer deaths among women. 
Clinical decision support systems that provide decision support 
to the Medical practitioners can assist and speed-up the 
diagnosis, treatment and follow-ups in the treatment of diseases. 
To provide a decision-support tool to the Pathologists, in breast 
cancer domain, a prototype is designed and developed with 
essential support services. One of the services is provided for 
performing Pathological classification and cancer staging for an 
individual patient, using the Pathology report. Pathology reports 
are electronic documents in English language that provide 
pathological details of the patient.  A Pathologist performs 
Pathological classification and cancer staging manually by 
examining the contents of the report and using the American 
Joint Committee on Cancer (AJCC) guidelines. Clinical 
Decision Support Systems that provide assistance to the 
Pathologist to perform Pathological analysis on patients must do 
so with high precision by processing unstructured data in the 
Pathology report.  Information extraction using pattern-matching 
and Natural Language Processing steps help the data to be 
brought to a structured form. Further, a Pathology report written 
or electronically generated by the Pathologist is highly 
heterogeneous in structure and language. Converting the medical 
terms in the report to a standard form and annotating them would 
support the information extraction and subsequent pathological 
processes to be performed by the system. There are several 
medical codes for representation and storage of health 
information, a few important ones among them include the 
International Classification of Diseases (ICD) of the World 
Health Organization [1], Systematized Nomenclature of 
Medicine - Clinical Terms (SNOMED-CT) published by 
SNOMED International [2] and Logical Observation Identifiers, 
Names and Codes (LOINC), which is primarily used in medical 
laboratories [3]. The standardization process on Pathology 
reports can be performed using indigenous guidelines for 
individual hospitals or using global standards. Systematized 
Nomenclature of Medicine - Clinical Terms (SNOMED CT) 
maintained by an International community is a global annotation 
standard that provides standardized terminology for numerous 
health care domains, with multilingual support. The Electronic 
Health Record (EHR) Standards for India released by the 
Ministry of Health & Family Welfare, Government of India, 
recommends SNOMED CT as one of the recommended 
Healthcare IT standards [4].  
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SNOMED is a huge repository of medical terminologies with 
more than 3,90,000 concepts, 11,60,000 English descriptions 
and 1.40 million relationships. The Pathological decision 
support requires preprocessing of report contents, SNOMED 
annotation and Information extraction for the Pathological 
classification and cancer staging. Preprocessing is done applying 
NLP tasks but due to the enormity of SNOMED database, 
extraction of a subset for the disease domain is essential as a 
preprocess to annotation. SNOMED was made available in India 
from 2014 and the developed CDSS extracts and uses breast 
cancer-specific SNOMED subset for annotation of reports that is 
used to improve the Pathological analysis process.   
The need and benefits of using SNOMED CT in EHRs is 
manifold. It can serve as a common language that makes the 
information understandable and usable internationally. Using 
SNOMED annotation, the heterogeneous natural language text 
can be standardized and transmitted without loss of meaning to 
both human and machine understanding. The homogenization 
process through annotation also results in improved retrieval and 
interpretation by automated health systems. It enhances 
communication and electronic exchange of medical information. 
SNOMED also allows natural language processing to perform 
complex queries, and can cross-map to other medical 
terminologies such as International Coding of Diseases (ICD). 
Considering the fact that Breast cancer is the number one killer 
disease among women in India, a CDSS prototype for breast 
cancer pathology domain is developed that automates two vital 
pathological decision-making processes namely Pathological 
classification and cancer staging. The Pathological 
Classification pTNM determines the classification of Tumour 
pT, Lymph node pN and Distant Metastasis pM. Grouping of 
these parameters determine the cancer stage of a patient. The 
CDSS permits the Pathologist to determine the pTNM and 
cancer stage both on natural language text and 
SNOMED-annotated text. Comparative analysis of the two 
methods of Pathological diagnosis is done by the CDSS. The 
dataset used for the work are breast cancer pathology reports 
obtained from a hospital in South India.  
The remaining sections of this paper are organized as follows: 
Section II describes Related Works on Clinical Decision Support 
Systems in breast cancer domain with SNOMED CD support, 
Natural Language processing, SNOMED subset extraction and 
annotation. Section III explains the Materials and Methods used 
in SNOMED subset extraction, Annotation of reports and 
Cancer staging on Pathology reports in English and 
SNOMED-annotated reports, Section IV presents the Results 
and comparative analysis of the cancer staging on natural 
language text and annotated text and Section V presents the 
Conclusion. 

II. RELATED WORKS 

Many countries of the world use Electronic Health Records and 
various research works and CDSS developments have been 
carried out.  A Web clinical decision support system for clinical 
oncologists that uses the characteristics of the individual patient 
and for patients making prognostic assessments is developed by 
Ana Fernandes et. al. [5] DESIREE is a European-funded project 
has developed three decision support systems for breast cancer 

domain: a guideline-based, an experience-based, and a 
case-based DSSs, that operate simultaneously and offer 
multimodal decision support to clinicians. [6] Research scholar 
Wanyonyi Peter Simeon,  developed a prototype Decision 
Support System for the Diagnosis of Breast Cancer using Fuzzy 
Logic and Case Based Reasoning [7] R. K. Sinha et. al proposed 
a Novel Knowledge Based Decision Support System model in 
breast cancer treatment with five modules namely Patient 
Information Module, Search Engine Module, Knowledge base 
module, Case base module and Statistical module for improving 
the accessibility and efficient use of domain specific clinical 
data. [8]  
In the Indian Subcontinent, the use of EHRs and CDSS is 
minimal until now and is used in a very small percentage of 
hospitals. A study was performed to know the perception of 
CDSS in Indian health care industry and it revealed that India 
lags behind in health IT when compared to other countries. Even 
the awareness level about CDSS was found to be low, with 
administrative staff being least aware of CDSS, followed by 
doctors and none of the medical students were aware of CDSS. 
[9] In a survey conducted by the authors among doctors in India, 
75% of the respondents did not know about CDSS and indicated 
that their hospitals do not use CDSS. All the respondents of the 
survey indicated that they require CDSS for their profession. 
Studies indicate that India is yet to put its first step forward in 
advocating the use of EHRs in all the hospitals in the country and 
adapting CDSSs In order to improve the quality of patient care, 
awareness about CDSS must be created in India and the Indian 
healthcare system must develop CDSSs and popularize the use of 
CDSS in hospitals across the country.  
CDSS that uses SNOMED-CT, a work similar to the developed 
CDSS was done on preventive care by Bader Al-Hablani. In 
assessing the use of SNOMED CT in CDSS and analyzing its if it 
improved preventive care, it was inferred that SNOMED 
reduced medical errors and improved preventive care. [10] 
Information extraction and Cancer staging on Natural Language 
text Processing were done earlier. [11, 12] To process natural 
language text, Production rules, Semantic categories, First-order 
Logic and Bayesian and Semantic networks [13], Symbolic 
rule-based classification methodology, [14, 15] and 
Pattern-based extraction [16] were performed. The cancer 
staging in the developed CDSS is done using American Joint 
Committee on Cancer (AJCC) guidelines. [17]. Pathology 
reports were used in the development of web-based search 
applications [18], and also converted to machine readable form 
using NLP [19]  
In many countries outside India, Clinical reports are coded using 
medical coding systems (SNOMED / ICD) and UMLS 
Knowledge resources. SNOMED had been in real-time usage for 
many years in countries abroad. Only in March 2014, India 
became a Member, joining the global effort to develop, maintain, 
and enable the use of SNOMED CT terminology in health 
systems. SNOMED subset extraction for breast cancer domain 
was done using a fixed set of queries to identify concepts relating 
to a disease-specific subdomain Krystyna Milian et al. used 
formal clinical guidelines to define a subdomain as a set of 
concepts without 
considering relevance 
between concepts.  
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Zharko Aleksovski and Merlijn Sevenster included the aspect of 
relevance by applying the “Term frequency-Inverse document 
frequency” (TFIDF) measuring scheme. [20, 21] 
Rodríguez-Solano C, Cáceres J, and Sicilia M.A., developed a 
system that automatically generated subsets by traversing 
SNOMED relationships using glossary terms in clinical 
guidelines as seed terms. [22]. In earlier works on CDSS, CDSS 
for breast cancer domain provided support for breast cancer 
screening [23], diagnosis [24, 25] using a conjunction of clinical 
and pathological data with Genomic tools for treatment decisions 
[26] raising user alerts, symptom checking and risk stratification 
and providing treatment recommendations. SNOMED 
annotations were performed on natural language text with NLP 
and they were found to improve the semantic interoperability of 
documents. [27, 28, 29] 

III. MATERIALS AND METHODS 

Indigenous data was used in this work to determine cancer stage 
of patients. The text corpus used in this work is from a hospital in 
the region consisting of 150 de-identified breast cancer 
pathology reports. in .pdf or .txt format.  

 

Fig. 1 Pathology report of a Patient 
One of the main processes of the CDSS are Pathological 
classification and Cancer Staging. The developed CDSS 
prototype performs several preprocessing steps on the report 
contents before the main processes namely NLP based 
preprocessing of contents in the reports and SNOMED subset 
extraction. In the first preprocessing, the contents of the reports 
are standardized for easy retrieval and annotation. The 11 
preprocessing steps are listed below: Report segregation in 
which multiple reports are separated into individual reports; 
Section segmentation in which the contents of a report are 
divided into its constituent sections; Standardization of 
measures in which all measures are converted to a uniform 
measure. For example, tumour sizes are either given in 
centimeters or millimeters and this step converts all the measures 
into millimeters; Date preprocessing in which all dates are 
converted to a uniform DD/MM/YYYY format; Sentence 
segmentation in which the contents of each section are separated 
into individual sentences. Period (.) is used to identify the 
sentences, with handling of exceptions for fraction values; 
Standardization of numerical values: The pathology reports 

have numeric values represented in numerals (3), or in English 
words (three). Such numerical values are standardized to Arabic 
numerals; Alpha numeric representations: The number of lymph 
nodes are represented as ‘1/3’, or ‘1 out of three’, or ‘one out of 

three’. This value is converted into complete textual form as ‘one 
out of three’; Abbreviations: Abbreviations are expanded by the 
system; Spelling variations: All discrepancies in spelling 
between British and American English are standardized using 
British English; Whitespace removal: The whitespaces are 
removed from the document. This improves the data extraction 
process; Handling parenthesized terms: Parentheses () or [ ] in 
the document are homogenized into [ ]. Case sensitivity: All text 
comparisons are made by converting the terms into lower case. 
In case of medical terms such as Ductal Carcinoma in situ, the 
terms are converted to a form as found in SNOMED. Missing 
headers: The pre-processing module appends missing headers 
into the document whenever necessary.  
SNOMED is a comprehensive repository of medical terms 
relating to numerous diseases, their symptoms, the diagnostics 
factors, the procedures for diagnosis, classification of various 
stages of a disease and many others. The second important 
preprocessing to be performed before the annotation of reports 
using SNOMED is the extraction of SNOMED subset for the 
breast cancer pathology domain. A survey on SNOMED 
implementations identified two types of SNOMED subsets 
namely Data entry subsets and Data retrieval subsets. Data entry 
subsets have concepts of a specific disease domain and are used 
for recording patient encounters. Data retrieval subsets are a 
collection of concepts retrieved from SNOMED encoded data. 
[27] The subset extraction performed in the work presented is of 
the Data entry type. The need for SNOMED subset extraction is 
justified because it is sufficient for the annotation process to have 
only information relating to breast cancer, the disease under 
consideration. The extracted SNOMED subset also would 
reduce the size of database to be used in an application, thus 
increasing the speed of processes. The workflow of the CDSS 
rule engine that extracts SNOMED subset for annotation is 
shown in Figure 2. 

 

Fig. 2 CDSS Workflow for Pathological Decision Support 
The first method of SNOMED subset extraction is Query-based, 
in which list of key-terms appended with the term “Breast”, are 
used in the queries to extract the tuples from the SNOMED 
database.  
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The keyterms are: cancer, carcinoma, tumour, tumor, lymph 
node, metastatic, pT, pN, and pM, pTNM, stage, pathological, 
specimen, procedure, malignant, benign, mastectomy and 
neoplasm. The algorithm that is used for Subset extraction is 
given below: 

  i. Use SNOMED database 
      ii.   SNOMED Subset S = φ 

iii. Extract the tuples set s, relating to ‘breast’ 
iv. Delete tuples relating to ‘Male’  

v. Append the other tuples S = S ∪  s 

vi. For Key_term = 1 to n 
       Apply filtering on the Description table 
       Eliminate duplicates from S  
       Update to S 

In the SNOMED subset, we eliminate the tuples relating to 
“Male breast”. With every query-based extraction with a new 
key-term, the number of terms extracted and the number of new 
terms added for a search are updated. This helps in identifying 
the key-terms that generate maximum number of tuples for the 
SNOMED CT subset. The system generates a summary of the 
number of tuples extracted when each key-term is applied, and 
the total number of terms extracted. The second method of 
SNOMED subset extraction is performed using a Lexicon of 
breast cancer pathology terms. The Lexicon consists of key 
terms relating to the Breast cancer pathology domain which are 
automatically compiled from the dataset and the breast cancer 
standards namely AJCC protocol and College of American 
Pathologists (CAP) checklist. These Lexicon terms are used as 
search key terms to extract the SNOMED subset. Fig. 3 shows 
the tuples extracted from the SNOMED database using a query 
with search term ‘breast’. A total of 4859 tuples were extracted 

with key term ‘breast’.  

 

Fig. 3 Query-based SNOMED Subset extraction on key term 
‘breast’ 

The results of SNOMED subset extraction using key-terms is 
shown in Fig. 4. Key-term 1 is ‘Breast’ which is appended to the 

key terms listed below.  
 
 
 
 
 
 
 
 
 
 

Key_term2 Terms_ 
extracted 

Newterms 

Cancer 54 0 

Pm 0 0 

Stage 27 8 

Pathological 0 0 

Specimen 60 0 

Procedure 446 7 

Malignant 118 31 

Benign 0 0 

Mastectomy 26 20 

Carcinoma 145 0 

Tumour 74 2 

Tumor 184 13 

Lymph node 65 40 

Metastatic 1 0 

pTNM 0 0 

pT 135 92 

pN 83 75 

 
Fig. 4 SNOMED subset extraction using key-term-based 

queries 
The summary shows that the system successfully extracted 1223 
tuples on female breast cancer related concepts from SNOMED. 
The top 3 key-terms that yielded the highest number of hits are 
Breast + procedure, Breast + tumor and Breast + carcinoma. 
Most of the works done earlier relating to SNOMED annotation 
were performed offline, while the CDSS, annotates reports at the 
time of generation of a report. The SNOMED subset was 
successfully used to annotate reports and cancer staging was 
performed.  

 
In a CDSS, the main components are the Knowledgebase, 

The Rule Engine and the Graphical User Interface (GUI). The 
knowledgebase has the dataset, AJCC protocols, CAP checklist 
and the SNOMED database and the SNOMED subset, which are 
used by the Rule Engine to perform the Pathological 
classification and cancer staging processes. The results of all 
processes are presented to the user through the GUI. While 
Pathological classification and Cancer staging are processes that 
are patient-centric and contribute to better patient-care, the 
SNOMED annotation process is used in order to standardize the 
reports with a global terminology standard and check if it would 
improve the performance of the pathological and cancer staging 
processes. According to the hypothesis, we do not expect the 
system’s performance to be enhanced through SNOMED 

annotation and subsequent Pathological processes. SNOMED 
annotation works done earlier have inferred that the Annotation 
of a medical report with standard terms and their Ids ensure 
consistency in language, and structuring of the textual content, 
thereby improving efficiency in machine-readability, retrieval 
and analysis. The annotation mechanism have also resulted in an 
improved extraction process. Another benefit of annotation of 
reports using standard terminology is that it would enable the 
pathology report to be transmitted without loss of meaning 
across organizational and demographic boundaries.  
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Annotation of Pathology reports is performed in two modes - 
Annotation on a group of reports in offline batch processing 
mode on archived reports and Annotation on individual reports 
online, at the time of generation of the report. In the first 
annotation method, the medical terms in the generated Lexicon 
are read and if a matching term is found in the report, the term is 
tagged. The tags used are <t> indicating the beginning and </t> 
indicating the end of the term. The tagged terms are annotated by 
the system with its SNOMED term and its corresponding Term 
Id. For example, if a term ductal carcinoma in situ is read from 
the lexicon and found in the text, it is tagged as <t> ductal 
carcinoma in situ </t> and replaced by its exact SNOMED term 
and its SNOMED code ‘86616005’. The Pathologist might have 

reported the ‘ductal carcinoma in situ’ as ‘duct. carc.’ or ‘DC in 

situ’ or in any other short form, since reporting is done using 
natural language text. Replacing the term that is written by the 
Pathologist by the SNOMED term standardizes the report. The 
SNOMED annotation on an archived report is shown in Fig. 5. 

 

 
Fig. 5 SNOMED-Annotated Pathology report 

In the second annotation method, when a user types the 
pathology report, an order-independent auto completion 
algorithm lists a set of SNOMED terms that match the prefixes 
of the words typed, from the SNOMED subset. For example, if 
the user types ‘right modified radical mastectomy’ or ‘ri mod rad 

mast’ or ‘rig rad mas mod’, the system would display ‘right 

modified radical mastectomy’ as one of the options. The user can 
select the term. Upon selection, the term in the report is replaced 
by the term found in the SNOMED database and its Term-Id. In 
the second method, the annotation by the system occurs every 
time a medical term is typed by the user. Fig. 6 shows the 
screenshot of auto-annotation by the CDSS, at the time of 
generation of the report by the Pathologist. 

 

 
Fig. 6 Online SNOMED-Annotation of a Pathology report 

Both archived and newly generated reports can be annotated by 
the system. The main focus of the CDSS is to perform the 
Pathological processes on the natural language reports and the 
SNOMED annotated reports. The AJCC protocol, 7TH Edition 
was used for Pathological classification and cancer staging. 
Pathological Classification is named pTNM, where the first 
letter is the TNM descriptor. In a TNM descriptor, p represents 
pathological, m represents multiple foci of invasive carcinoma, r 
represents recurrent, and y represents post treatment). T 
represents Tumour, N represents Lymph node and M represents 
Distant Metastasis. pT can take the values pTX,  pT0, pTis 
(DCIS), pTis (Paget), pT1, pT1mi, pT1a, pT1b, pT1c, pT2, 
pT3, pT4 (pT4a, pT4b, pT4c,  pT4d). pN can take the values 
pNX, pN0, pN0 (i-), pN0 (mol+), pN1mi,  pN1a, pN2a, pN3a. 
pM can take the values pMX, pM0, pM1.  
A staging system for cancer indicates how far the cancer has 
spread. There are two methods of staging, namely Clinical 
staging and Pathological staging and out of the two, Pathological 
staging is more accurate. The CDSS derives the Pathological 
classification and cancer staging from the Impression or 
Summary section of the report. The Rule Engine has the AJCC 
protocols described using the Event-Condition-Action Model. In 
this model, each rule is read as "ON event IF condition THEN 
action". The CDSS triggers the rules using both the pathology 
reports written in natural language and those annotated using 
SNOMED CT. The pattern matching rules for Pathological 
classifications are written using numerical and non-numerical 
conditions to extract the relevant details from the reports and 
triggered by the rules of the CDSS to determine the pTNM. 
There are 56 rules for cancer staging based on AJCC guidelines 
for breast cancer staging. The results of the system’s 

performance on plain text and annotated text were compared and 
analyzed to check the hypothesis.   

IV. RESULTS AND ANALYSIS 

The Pathological classification and cancer stage were 
determined for the patients by the rule engine of the CDSS and 
the results were analyzed by finding the True Positive (TP), True 
Negative (TN), False Positive (FP) and False Negative (FN) 
values. The Gold standard for the evaluation was set by the 
Pathologists of the hospital through a manual process. The 
evaluation parameters used in the analysis are Precision, Recall,   
Specificity, Accuracy, F-measure and Error Rate.  
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Error rate (ERR) is calculated as the number of all incorrect 
predictions divided by the total number of the dataset.  
The best error rate is 0.0, whereas the worst is 1.0. Accuracy 
(ACC) is calculated as the number of all correct predictions 
divided by the total number of the dataset. The best accuracy is 
1.0, whereas the worst is 0.0. It can also be calculated by 1 – 
ERR. Sensitivity (SN) is calculated as the number of correct 
positive predictions divided by the total number of positives. It is 
also called recall (REC) or true positive rate (TPR). The best 
sensitivity is 1.0, whereas the worst is 0.0. Specificity (SP) is 
calculated as the number of correct negative predictions divided 
by the total number of negatives. It is also called true negative 
rate (TNR). The best specificity is 1.0, whereas the worst is 0.0. 
Precision (PREC) is calculated as the number of correct positive 
predictions divided by the total number of positive predictions. It 
is also called positive predictive value (PPV). The best precision 
is 1.0, whereas the worst is 0.0. False positive rate (FPR) is 
calculated as the number of incorrect positive predictions 
divided by the total number of negatives. The best false positive 
rate is 0.0 whereas the worst is 1.0. It can also be calculated as 1 
– specificity. F-score is a harmonic mean of precision and recall. 
Fig. 6 and 7 present the CDSS output for cancer staging analysis. 
In cancer staging M is assumed to be M0 as it is clinically 
determined parameter. Fig. 7 and Fig. 8 present the results of 
analysis of cancer staging performed on natural language text 
and SNOMED annotated text. 

 

 
Fig. 7 Analysis of Cancer staging on Natural Language text 

 

 
Fig. 8 Analysis of Cancer Staging on SNOMED-annotated 

text 
 

The results disprove the hypothesis and indicate that SNOMED 
annotated reports gave accurate information extraction of 
Pathological parameters, resulting in improved results in 
Pathological classification and cancer staging processes. We thus 
infer that SNOMED annotation improves the performance of the 
CDSS is providing support for Pathological decisions in breast 
cancer domain. 

V. CONCLUSION 

The objective of the work was to develop a CDSS prototype to 
perform Pathological classification and cancer staging on breast 
cancer patient records. The SNOMED subset for the breast 
cancer pathology domain was extracted using two methods and 
annotation of the reports were done in offline and online modes. 
The important processes in the CDSS that support decision 
making by the Pathologist are the Pathological classification and 
cancer staging. These processes were performed both on natural 
language textual reports and SNOMED annotated reports. The 
use of standard AJCC protocol for cancer staging and globally 
accepted medical vocabulary such as SNOMED yielded better 
results in the staging process.  The accuracy of automated 
systems in medical domain, especially in a task as critical as 
cancer staging is of vital importance, as it involves diagnostic 
and treatment decisions for the patient. This critical factor 
necessitates that reports be annotated and processed for better 
results. Annotation of the reports using SNOMED also makes it 
possible to analyze and understand the patient population 
through application of queries. 
The work clearly indicates that between cancer staging process 
on natural language text and the SNOMED annotated text, the 
process on annotated text yields best results. As extension of this 
work, a similar CDSS process can be performed on reports of 
other cancer domains for improved decision making. This can be 
done by incorporating rules to the CDSS for the other cancer 
domains using standard medical procedures and protocols.   
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