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Abstract: A Clinical Decision Support system (CDSS) is an 

application that analyzes data to help healthcare providers to 
make decisions and improve patient care. Clinicians use the CDSS 
to perform their routine tasks with computer-assistance. In the 
past, decision-making using CDSS was primarily oriented towards 
Clinicians but in recent times, shared decision-making with the 
patient is advocated. Shared decision-making focuses on 
encouraging patients to become informed and involved about their 
health-concerns and make right choices in discussion with expert 
Clinicians. In India, Breast cancer is the number one killer 
disease among women. The fast-growing breast cancer patient 
population demands development of a CDSS for the domain with 
patient-inclusive features. Medical documents generated in 
English by Medical practitioners may be understood only by 
patients with adequate medical knowledge and proficiency in 
English language. To benefit the regional-language patient 
population, a CDSS was developed with patient-inclusive features 
such as Risk assessment questionnaires and Pathology reports 
presented in Tamil to benefit the regional language-literate 
patients in the state of Tamilnadu. Translation resources for the 
domain such as Lexicon and Bilingual Dictionary are generated 
and used in Machine Translation (MT) of the reports in the 
CDSS. Translation of Pathology reports is performed by applying 
Natural Language Processing methods and Phrase-based 
translation approach and is refined using Synsets. The 
machine-translation by the CDSS was evaluated by comparing the 
CDSS output with output from a translation tool Anuvadaksh 
developed by Department of Information Technology, 
Government of India, and Google Translate. The outputs were 
also scrutinized by regional language experts and medical experts. 
The developed CDSS prototype is a pioneering effort to compile 
medical language resources for breast cancer pathology domain, 
and to present details to the patient in a language familiar to her. 
The regional language support would improve co-operation 
between the Clinician and patients for shared decision-making 
and enhance understanding in patients who would otherwise be 
passive due to the English language barrier. The CDSS with 
regional language could be used in hospitals in Tamilnadu and 
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the implementation could be extended to other regional languages 
of India in the future. 

Keywords: Clinical Decision support system, Breast cancer, 
Machine translation, Natural Language processing, Shared 
decision-making  

I. INTRODUCTION 

Health-care must be patient-centric rather than 
Physician-centric and shared decision making is a key 
component of patient-centered health care. The need for 
shared decision-making can be better understood in the 
words of Goldbach paraphrased as follows: The patient best 
knows about herself and the details about her are needed by 
the Clinician, and the Clinician is the expert on the disease, 
from whom the patient needs information. Together, they can 
find the best approach to a clinical problem. [1] In India, 
shared decision making is not the norm. Considering research 
evidence and patient inputs for a holistic approach to 
decision-making is still not widely prevalent. High quality 
randomized controlled trials, observational studies, 
considering clinical expertise and requirements of patients 
would take time to implement in India. Till then, shared 
decision-making would remain a concept restricted to the 
academic discussions instead of being applied in practical 
health care. [2] Patients can be either be passive, co-operative 
or active and Clinical decision-making models in the light of 
patient participation can be categorized as paternalistic 
model, in which patients play a passive role, 
professional-as-agent model, in which the doctor makes the 
decision for the patient, informed decision-making model in 
which necessary information is shared with the patient and he 
makes the decision at the end and shared decision-making 
model in which the patient and the doctor are responsible for 
the final decision. [3]  
In the Indian health care scenario, the concept of shared 
decision-making has to be considered in the cultural and 
literacy aspects. A qualitative study and ethical analysis on 
Healthcare Decision Making in Rural India, a decade ago 
brought to light, the glaring differences between shared 
decision making in the Western world and India. The 
Western culture emphasizes on autonomy of individuals and 
freedom of choice by the individual. But in India, autonomy 
is less individualistic and decision-making depends on the 
patient’s family and sometimes on their community. Further, 
in India Doctors are considered as supreme intellectual 
beings with high social status, and patients express shyness, 
fear and hesitation in taking an equal role with the Doctor in 
decision-making. [4] 
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 Another major constraint to shared decision-making by the 
patients in India, is their incapability to read and understand 
medical information due to illiteracy or lack of proficiency in 
English language. Patients cannot effectively participate in 
shared decision-making if they do not understand their health 
condition, the treatment options, and the possible side effects 
of each treatment option. [1] The cultural and literacy barriers 
can be addressed by raising the awareness in patients 
regarding the benefits of shared decision-making in terms of 
treatment and in boosting their confidence and wellbeing 
before and after treatment. The other possible measure is to 
provide regional language services to the patients, since 
majority of the patient population are proficient in their local 
languages. This would also enable the family members and 
caregivers of the patients to understand their health condition 
and support them in making treatment decisions and provide 
care to them in the future. Development and use of Clinical 
Decision Support Systems (CDSSs) with regional language 
support would improve patient-inclusiveness, patient 
understanding and co-operation with the Doctor during 
treatment. Earlier studies have shown that if patients with 
lower literacy are provided with health literacy information 
they participate well in decision-making. [5] In principle and 
in practice, patient-inclusive decision-making has several 
benefits of improved health and well-being, care and quality, 
and fulfillment of Legal duty towards patients. [6]  
Majority of the hospitals in India have limited electronic 
resources and software tools for decision support and CDSS 
are used only in high-end hospitals. Medical practitioners 
generate hand-written or electronic reports in English, which 
cannot be understood by majority of the patient population. 
Tamil is an ancient, regional language of the natives of Tamil 
Nadu. Tamil language has a rich vocabulary but research 
efforts have been minimal until now with respect to building 
language resources in Medicine and translation of Medical 
documents from English to Tamil. To encourage and widen 
the usage of CDSS, and advocate patient-inclusive 
decision-making, BEACON (BrEAst Cancer in wOmeN) 
CDSS was developed with regional language support 
resources in Tamil, translation services and regional 
language interfaces as important components.  The system 
uses custom-generated, domain-specific Lexicon and 
bilingual dictionary, translates pathology reports from 
English to Tamil and provides Risk assessment templates 
(General and Family History) to the patients along with 
Lifestyle recommendations to them in Tamil.  These features 
aim at enhancing the patient’s understanding of their health 

conditions thus encouraging their participation in shared 
decision-making.  
The remaining content of this paper is organized as follows. 
Section 2 explains related works in CDSS and Shared 
decision-making, Section 3 gives the material and methods 
used in incorporating patient-inclusive features in the CDSS, 
Section 4 explains the results and evaluation of the work, 
Section 5 presents the conclusions and scope for future work.  

II. RELATED WORKS 

Clinical decision support systems are software tools that 
support a Clinician in decision-making and can be 
categorized into passive systems in which he can make an 
explicit request for support, semi-active systems that are 

invoked automatically to present information to the Clinician 
at his  request or active systems that make decisions and 
interact without input or request by the user. They can also be 
categorized as simple systems that raise user alerts to 
midlevel systems that are prognostic calculators and complex 
systems that use Artificial Intelligence, data mining and 
statistical methods. CDSS that focus on Clinicians in breast 
cancer domain are those that provide support for breast 
cancer diagnosis [7, 8], screening [9, 10, 11], raise user Alerts 
at patient’s risk level, Symptom checking and risk 
stratification [21 mac], treatment recommendations [12], and 
use a conjunction of clinical and pathological data with 
Genomic tools for treatment decisions [13]. Clinician-centric 
decision-making is centered around Medical aspects while 
Patient-centric CDSS must provide templates and reports that 
patients can understand and participate in decision-making. 
The factors that influence Patient Participation in Shared 
Decision-Making are categorized into Patient-Related 
Factors (Literacy, patient’s understanding of the disease), 
Disease-Related Factors (treatment options and outcomes), 
Factors Related to CDSS (User-understandable interfaces, 
templates and reports), Factors Associated with Health Care 
Settings (use of EHRs and CDSS) and the Factors Related to 
Health Provider Tasks. (Screening, Diagnosis, 
recommendations and references) [14] 
Shared decision making (SDM) is the key to patient-centric 
care, because both the patient and the Clinician participate in 
medical decision making [4]. For a medical condition, there 
are several treatment options and more than one decision can 
be made. In a shared decision-making environment, patients 
can share their preferences, and choose their options about 
treatment, resulting in co-operation between the Clinician 
and the patient. [13]. SDM makes the pathologist-patient 
communication effective and eliminates possible 
misunderstanding between the two and the ignorance in the 
patient regarding the disease and treatment [6].  
Treatment decisions are focused on patient welfare; hence 
patient involvement is of vital importance.. SDM tools / 
CDSS with SDM features must inform patients with regard to 
the risks, benefits, and trade-offs associated with a decision. 
Use of such tools reduce conflicts in decisions, increase the 
ease of decision making and revision of previous decisions 
[5].  Studies show that patients who are informed about their 
disease through decision aids would willingly participate in 
the decision-making process and make right decisions. [5]. 
SDM respects an individual’s right to choose, yet it is 
clinically restrained by a well-informed and well-meaning 
Clinician who is committed to serve the patients.  CDSS 
also provides additional benefits over traditional methods of 
decision-making, as they have the potential for 
individualized content, a greater degree of interaction, and 
scalability [14]. Machine Translation systems have been 
developed for Indian Languages since 1995. The translation 
systems for translation from English to one of the Indian 
languages are Anglabharti I (1991), II (2004) English to 
Indian languages (primarily Hindi) a general-purpose 
machine translation system with provision for domain 
customization,  
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English to Indian languages, Anusaaraka (1995) from 
English to Hindi, MaTra (2004) converts complex English 
sentences into simpler sentences and translates the content 
into Hindi, Mantra (1999), English to Indian languages and 
Reverse developed for use in the Rajya Sabha Secretariat, 
UCSG-based MT English-Kannada, UNL-based (2003) 
Between English, Hindi, and Marathi, Tamil-Hindi, 
Anusaaraka MT, a Human Aided Machine Translation 
System English-Tamil HAMT, Shiva (2004) English to 
Hindi, Shakti (2004) English to Hindi, Marathi and Telugu, 
Anuvaadak English-Hindi, English-Hindi Statistical MT, 
English-Hindi MAT, Hybrid MT system English to Bengali, 
Hinglish MT system (2004) Hindi – English, English to 
Indian and Kannada to Tamil language-pair EBMT system 
(2006), OMTrans English-Oriya, English-Hindi EBMT 
system, Machine Aided Translation English to Hindi, 
English-Tamil MT, Pictorial knowledge Based MT (2010) 
English to Assamese, English-Malayalam Statistical MT 
(2009), enTel (2011) English to Telugu,  English to Indian 
Languages MT (2007), Incorporating Syntactic and 
Morphological based MT English-Hindi, English-Telugu, 
T2T MT and Telugu-Tamil MT (2004), English-Urdu MT via 
Hindi (2009), Vaasaanubaada (2002), Phrase based English 
- Tamil MT (2011), Sentence Simplification System for 
English to Tamil (2011), Manipuri-English Bidirectional MT 
(2010) Manipuri-English and -English-Manipuri, English to 
Dravidian Language MT (2010) English to Malayalam, 
Anuvadaksh English to six other Indian languages i.e. Hindi, 
Urdu, Oriya, Bangla, Marathi, Tamil, and Google Translate. 
AnuBharti (2004) Anubaad (2004) and Sampark (2009). 
Anuvadaksh system developed in the English to Indian 
Language Machine Translation (EILMT) project, funded by 
the TDIL program of the DeiTY, Govt. of India translates 
English text into 8 Indian languages namely Hindi, Bengali, 
Marathi, Urdu, Tamil, Oriya, Gujarati and Bodo) [15].   
Considering domain-specific translation systems, Thenmozhi 
D and Aravindan C proposed a Statistical machine translation 
system that translates textual content in the Agriculture 
domain from Tamil to English. [16] Dr. K. Narayana Murthy 
developed English-Kannada MAT system  based on a 
transfer-based approach which is applied to the documents 
related to government circulars. Anuvaadak 5.0 system was 
developed for a general purpose of automatic translation 
from English-Hindi by Super Infosoft private limited, Delhi 
for specific domains like official, formal, agriculture, 
linguistics, technical and administrative using inbuilt 
dictionaries. The review indicates that there are no medical 
domain-specific translation systems.  
With respect to translation approaches, Poornima C, 
Dhanalakshmi V, et. al proposed a preprocessing tool that 
converts complex sentences to simple sentences in English, 
using rule-based technique before translation to the target 
language Tamil [17]. R. Harshwardhan et.al proposed a 
framework for Phrase-based translation from English to 
Tamil using Translation memory and concept labeling [18]. 
Dhanesh N proposed a Conceptual Framework for 
Automated English to Tamil rule-based machine translation 
system [19]. S. Saraswathi et.al proposed a Bilingual 
translation system for English and Tamil applying Hybrid 
approach that uses Rule based Machine Translation and 
Knowledge based Machine Translation [20]. The developed 

CDSS is breast cancer pathology specific that translates 
Pathology report from English to Tamil using Phrase-based 
translation approach. 

III. MATERIAL AND METHODS 

Stephanie Medlock et. Al. proposed a two-stream model of 
information flow within clinical decision-support systems: 
Clinical stream that involves reasoning about the patient and 
the cognitive-behavioral stream that involves reasoning about 
the user. [22]. The first stream focuses on the doctor / CDSS 
that collects patient data, and interprets it using clinical 
knowledge for making a decision about the patient i.e. 
Pathologist decision. The second stream focuses on the 
presentation of recommendations to the patient to act on the 
decisions i.e. Patient’s decision on Pathologist 
recommendations.  In the Indian context, we consider an 
intermediary phase to bridge the gap between the Clinician 
and the patient’s decisions to Patient’s understanding by 
providing services that would break the language barriers 
between the two. When patient’s understanding increases, 

cooperation in decision-making also increases.  
 

Shared Decision-making in Breast cancer domain 
The decision-flow for the domain presented in Fig. 1 
indicates a set of medical treatment processes performed by 
the Pathologist with the help of CDSS. His expertise is 
applied to Pathological diagnosis, assessment of risks in a 
patient’s health conditions and providing suitable 

recommendations regarding further treatment. The first 
aspect of patient’s involvement is in answering the risk 
questionnaire in the CDSS, since it is in regional language 
that he understands.  If Pathological diagnosis is 
recommended and performed, the Pathology report of the 
patient is generated in English, which is translated to Tamil 
and presented to enhance patient understanding.  

A. Templates for User Interactions 

A patient’s involvement in decision-making is encouraged as 
the BEACON CDSS provides templates in regional language 
Tamil, one for risk assessment based on General parameters 
and another based on Family History. The Family history 
questionnaire is shown in Fig. 2 and Fig. 3. Both the 
Questionnaires can be answered by the patient guided by the 
Pathologist in case of doubt, resulting in shared assessment 
process too. 
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Fig. 1. Risk Assessement based on Family History –Pg.1 

  
Fig. 2. Risk Assessement on Family History – Pg. 2 

B. Building the Lexicon and Bilingual Dictionary  

An important patient-inclusive feature in BEACON CDSS is 
the machine translation of Pathology report generated English 
by the Pathologist, to Tamil. Currently existing Medical 
resources in regional languages are the “English-Tamil 
Glossary of Medicine” by Tamil Virtual University, “Medical 

dictionary” translated from English to Tamil and Telugu 
compiled by D. Rambabu, and translated along with V.V. 
Rathnasree.  and “                           

              ”, a compilation of Ayurveda and 

Siddha medicine in Tamil. [23, 24, 25, 26]. The resources in 
Tamil are not adequate to translate reports in breast cancer 
pathology domain. Hence a Lexicon of breast cancer terms 
and Bilingual dictionary of English and Tamil terms for each 
item in the Lexicon are custom-built. This was done with 
medical and language precision in mind and the resulting 
resources, are subsequently used in the machine translation 
process.  
The Lexicon of Breast Cancer Pathology terms is generated 
using three approaches. The first approach applies Natural 
Language Processing steps namely Section segmentation, 
Sentence splitting and tokenization of the document contents 
to the dataset namely the Breast Cancer Pathology reports 
and the American Joint Committee on Cancer (AJCC) 
protocol and compiles unigram Medical Terms. The second 
approach is a set of Breast cancer pathology Glossary terms 

collected from online resources. In the third approach, the 
system allows the user to select Medical phrases from the 
dataset through online selection. The Lexicon generated 
consists of approximately 3,517 terms belonging to the 
domain and serves as the source to build the bilingual 
dictionary. 
Tamil Dictionary and Thesauri of Medical terms for Breast 
Cancer Pathology are not available. The Tamil equivalent of 
the terms in the Lexicon were hence translated with the help 
of Tamil language experts, using Google Translate and a few 
other online Tamil dictionaries [27, 28] to build the bilingual 
dictionary. The terms in the Lexicon fall into the following 
categories - Translated words (unigram), Translated phrases 
(bigrams or more), Transliterated items and Non-translatable 
items and Abbreviations. An example of translated unigram 
is Tumour / Tumor, which is translated to     . Adjacent 

breast tissue is a phrase that is translated to       

              . Medical terms that are not 
translatable without loss of meaning are transliterated. For  
example, Progesterone is transliterated to 

                . A small subset of Standard 
Medical terms are non-translatable. For example, 
Pathological classification pTNM which constitutes of pT, 
pN, pM and cancer stage representations such as Tis(DCIS), 
T1a, etc. are not translated in order to retain their Medical 
significance in the text. Abbreviations are also not translated. 
The system provides an editor for the Language experts in 
Tamil and the Medical domain experts to check the 
preciseness of the medical terms in the target language and 
set the Gold standard for translation purposes. We have 
limited the translation to nearly 2393 important terms. In the 
current Lexicon, 891 are translated terms, 46 are 
Non-translatable terms, 36 are Abbreviations and 151 are 
Transliterated terms.   

C. The Dataset 

Machine translation was performed on 150 Breast Cancer 
Pathology reports obtained from a renowned hospital in 
Tamil Nadu, South India. Each report has five sections 
namely Specimen, Clinical, Gross, Micro and Impression as 
shown in a sample report in Fig. 4. The entire report content 
is translated by the CDSS. 

 
Fig. 3. Sample Pathology Report in English 
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D. Machine Translation of Pathology reports  

MT systems are classified into General, Rule-based 
Example-based, Knowledge-based, Statistical and Hybrid 
systems. In the developed CDSS, machine translation of 
Breast cancer pathology reports is performed by 
Phrase-based translation approach. Machine translation is 
done from English to Tamil. English is syntactically a 
Subject-Verb-Object (SVO) language in which the word 
order is rigid and fixed while Tamil is a Subject-Object-Verb 
(SOV) language. Since it allows flexibility in word order it 
can be called “word-order free” language.  In Tamil it is not 
mandatory that a sentence must have Subject, Object and 
Verb. A single word in Tamil can show the tense, action 
performed and the gender. In translating from English to 
Tamil, translation of gender-specific statements and 
ambiguous words are complex than in English. The MT 
process need not address this issue because all reports are of 
female patients and the Pathology report does not have any 
gender-specific mentions in its content. The complexity of 
translation due to ambiguous words also does not apply to 
translation by BEACON DSS since the textual content has 
standard medical terms and phrases which are locally and 
globally used by Pathologists. The machine translation 
process requires no human intervention, because it uses 
relevant domain resources.  
 
Before translation, the system preprocesses the source text in 
English using NLP step. The Section Segregation divides the 
report into its constituent sections. The translation process is 
applied on individual sentences; hence the sentence splitting 
is performed next. The sentences are POS-tagged and stored. 
The PENN treebank tag set containing 36 tags is used for 
tagging. This is followed by splitting of each sentence for the 
translation process. Medical terms have phrases or group of 
words which cannot be split, in order to retain their medical 
meaning. Hence chunking is performed before translation. 
For example, a term “Lymphovascular invasion” is 

meaningful as a phrase than as individual word components. 
Case-sensitivity is handled at the preprocessing stage to 
avoid errors in Dictionary lookup during translation. 
Abbreviations are directly translated to their expanded Tamil 
equivalents while the non-translatable terms appear without 
changes in the translated output. The algorithm given below 
shows the steps in the translation process and Fig. 5 gives an 
example.  
Algorithm 
1. Retrieve and read a Pathology report in English 
2. Preprocess the report contents   
3. For Report 1 to n 
4. For Sentence S 1 to m 
     POS Tag and store in D 
5.  Split S into phrases   
6.   For each phrase P in S 
      Apply Chunking 
7.    For each term n to 1, in the Chunk list 
        If chunk-term Є Bilingual Dictionary 
        Replace Chunk-term with term in Tamil 
        Go to 6  
        Endif 
         End 
8.  Read pre corrected translation output in Tamil. 

9.  Apply Morphological Rules 
             10. Check terms that are out of context and replace     

with Synset 
            10.  Print the translated Pathology report 

 

Fig. 4. Phrase-based Translation approach 
  

The translated output is not initially syntactically correct, 
until Morphological analysis is applied to correct the inflated 
forms of a verb or noun. Hence, Morphological analysis is 
performed on the output to obtain perfect translation. The 
POS tagged report content was manually scrutinized several 
times to derive the rules. The Morphological rules refine the 
first-level translated output into an output form that adheres 
to grammatical rules in Tamil language. An example of such 
a corrected output is given below. 
 
English: Tumour is 1 cm from the deep resection margin.  
Translation before Morphological Analysis:       is 1   . 
  from the                   . 
Translation output after Morphological Analysis:       
                           1   .  
         . 

E. Context-sensitivity through Synsets  

A synonym set, or Synset is a group of synonyms. Synset for 
the domain were manually compiled using online resources 
and are used to correct terms that are out of context in the 
translated output.  
For the term: Inflammatory, the Synonyms are as listed 
below: 
Synonym1 :               
Synonym 2:                   
Synonym 3:              
Synonym 4:            . 
Preferred term:                   
The system displays the translated output and the Pathologist 
selects the terms that have been translated and are out of 
context. For the selected term, the system performs look-up 
on the existing synset repository and lists the terms. The 
medical expert chooses the appropriate term to be replaced in 
the output. Thus the initial translation is fine-tuned to have 
context-sensitive terms that represent the domain.     

IV. RESULTS AND EVALUATION 

A CDSS test run allowed the Risk Assessment 
Questionnaires to be filled by regional-language literate 
women. It provided clear understanding and involvement by 
the patients, 
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 as the respondent could read and understand the contents. 
The CDSS risk assessment on General parameters is shown 
in Fig. 6. 

 
Fig. 5. CDSS Risk Assessment output -General  

The most important patient-inclusive CDSS feature is the 
translation of Pathology report from English to Tamil. The 
Phrase-based translation of the report using custom-built 
translation resources for the domain, followed by fine-tuning 
of the translated output using Morphological analysis and 
Synset yielded good results. The Pathology report in Fig. 4, 
translated into Tamil is shown in Fig. 7 

 
Fig. 6. Translation output by BEACON CDSS 

The evaluation of the translation approach was done 
through comparison. The CDSS translation was compared 
with the translation of the reports using Google Translate 
output (Statistical MT and Neural MT), translation by 
English to Indian Language Machine Translation (EILMT) 
by Department of Information Technology, Government of 
India and manual scrutiny by the Language expert. Google 
Translate is a free online machine translation tool. In its 
earlier approach to translation using Statistical MT, it has 
limitations due to its inability to select the equivalent word in 
target language according to context, lack of sensitivity to 
syntax and medical terms. [29]. Google Translate has only 
57.7% accuracy when used for medical phrase translations 
and should not be trusted for important medical 

communications. [30]. The BEACON CDSS provides 
correct and context-sensitive translation of the source text 
than Google Statistical MT, due to the use of appropriate 
translation resources, the translation approach and use of 
Synsets. The neural MT currently used by Google Translate 
yields better result than BEACON CDSS. The comparative 
translation output of the report section by Google Translate 
that used Statistical MT and in BEACON DSS are given in 
Fig. 8a and Fig.8b. 

 

 
Fig. 8a. Google Translate (Statistical MT) 

 

 
 

Fig. 7. b. Translation by BEACON CDSS  
EILMT project translates from English to eight Indian 
languages; namely, Hindi, Bengali, Marathi, Urdu, Tamil, 
Oriya, Gujarati and Bodo in Tourism and Health domain. 
EILMT uses TAG based MT (Parser and Generator) and 
Statistical MT (SMT). The translation output of EILMT is 
given in Fig. 9. It is evident that the translation yields many 
sentences that have no proper meaning or structure. 

 

Fig. 8. Translation output by EILMT 
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BEACON CDSS translation is shown in Fig. 10. Comparing 
the three translation outputs in Fig. 8a. and 8b. 9 and 10, it is 
evident that BEACON CDSS performs better than EILMT 
and Google Translate (Statistical MT). The Neural MT BY 
Google Translate outperforms BEACON CDSS. Further 
evaluations were performed by a Tamil Language expert and 
a Medical expert. The criteria for grading by the experts is 
twofold. Firstly, the Tamil equivalent for the breast cancer 
pathology term must represent the medical aspect without 
loss of meaning and secondly the coinage of phrases must be 
syntactically and semantically correct from the target 
language perspective. The experts checked the correctness of 
translation and graded them as Good (G), Partially correct 
(PC) or Poor (P). Out of the 150 breast cancer pathology 
report translations, 142 translations were graded to be 
‘Good’, 5 were graded to be ‘Partially correct’ and 3 were 

graded to be ‘Poor’. 
 

  
Fig. 9. Translation output by BEACON CDSS 

V. CONCLUSION 

Diagnosis of breast cancer is a life-altering and shocking 
discovery for a patient. A patient who is highly ignorant of 
the extent of the disease and treatment options will not be 
able to cope-up with the long years of treatment and care that 
follows. The need to bring together the Pathologist and the 
patient through better understanding and communication 
between the two is vital in breast cancer treatment and 
follow-up. Decision regarding surgery for the breast cancer 
patients is also an emotional and stressful decision. Sharing 
adequate information and collective decision by the Doctor 
and the patient enhances the understanding of the patient and 
eases the pain through a more co-operative decision-making 
process.  The benefits of patient participation include: 
increased patient satisfaction and trust, reduced patients’ 

anxiety and emotions, better understanding of personal 
requirements, improved health outcomes, enhanced quality 
of life, and delivery of more appropriate and cost effective 
services. Today, patient participation is regarded as a legal 
right of the patient as well as an International gold standard 
for healthcare systems. [14] Health professionals generally 
have a positive attitude toward patient participation, and 
consider this concept as a special privilege for themselves 
and the patients. Hence patient-oriented healthcare, based on 
opinions, needs, and preferences of patients must be adapted 
in India across patients of all strata of society. Incorporating 

“regional language” dimension as one of the features of 
CDSS and building translation resources namely the Lexicon 
and Bilingual dictionary (English to Tamil) for the breast 
cancer pathology domain, design of templates for Risk 
assessment based on General and Family History 
perspectives and translation of Pathology reports from 
English to Tamil, are the specific contributions of this work. 
The development of a CDSS with user services with regional 
language support is an initiative that the authors believe is 
first of its kind. The future scope of this work is to develop 
the actual system based on the prototype and extend the 
regional language features to other regional languages in 
India. Providing a patient-inclusive decision making system 
would not only encourage the CDSS use across many 
hospitals in the future but also improve health care outcomes 
in the considered breast cancer pathology domain.    
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