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Abstract 

Introduction:  Nowadays, cancer is a major burden of disease worldwide. Each year, tens of 

millions of people are diagnosed with cancer around the world, and more than half eventually die, 

becoming important the surveillance of the population and the  

Objective: Develop and evaluate the performance of a Bayesian model that could optimize 

data introduction on BreastCare software. 

Methods: The BreastCare dataset was provided by VirtualCare, thatõs included 1653 patients 

since 2001 and September of 2018, from Centro Hospitalar Universitário de São João. Afterwards, a data 

collection was done in imagiology department from hospital to improve the dataset. The dataset 

was imputed, to meet the criteria of the hill-climbing algorithm. Lastly an assessment of variables 

have been done.   

Results: We stated with 38 variables selected from the software, after imputation all of them 

were fulfilled and submitted to prediction model. Only 7 variables were available to assessment.  

Conclusion: BreastCare does not have a validated method to optimize the data insertion, so 

we think that our model will be one valid method to implement and it will decrease the missing 

values thought the alerts given to the user.   

Key words: breast cancer, BreastCare, clinical decision support system, bayesian approach 

  

 

 

 

 

 

  



v 

 

 

Resumo 

Introdução:  

Objetivo:  

Material e Métodos:  

Resultados:  

Conclusão:  

Palavras-chave: cancro da mama, BreastCare, redes bayesianas, sistemas de suporte à 

decisão clínica 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

 
  

 

Preamble 

In the year 2011, I started to study Radiotherapy at the School of Health - Polytechnic 

Institute of Porto, finishing in 2015. Afterwards, I joined the Masterõs in Medical Informatics, 

taught both by the Faculty of Medicine and the Faculty of Science of the University of Porto 

(FMUP & FCUP), in 2016. Nowadays, I am working as a Therapeutic Radiographer in the 

Portuguese Institute of Oncology in Porto. 

At the end of my degree, no opportunities were available in Radiotherapy, so I started to 

research for a masterõs program capable of giving me new tools in health area, differentiating me 

from my colleagues and other health professionals. The Medical Informatics masterõs was the 

answer to improvemy health informatics skills and knowledge through a variety of scientific and 

technical issues, such as computer-based patient records in general practices and hospitals, signal 

analysis and image processing, decision support systems, and implementation and evaluation of 

information systems and technologies. During the Master´s, I had the opportunity to collaborate 

as a Functional Consultant in Healthy Systems, a spin-off of the University of Porto (UP) with a 

focus on computer security in the hospital environment. This opportunity allowed me to contact 

with the hospital setting, developing my curiosity towards electronic health records and clinical 

decision support systems. This curiosity reminded me of BreastCare, a software presented by 

VirtualCare, another UP spin-off, in the unit of Medical Signals and Imaging, in my first year, in 

the masterõs. This software is able to register information about symptoms, morphology, site of the 

disease and data from the screening tests, related to breast cancer. The problem here is that data is 

missing. Health professionals are not fulfilling the registry, so we thought about joining Bayesian 

networks to the equation, in a way of solving the problem. 
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1.  Introduction 

Nowadays, cancer is a major burden of disease worldwide. Each year, tens of millions of 

people are diagnosed with cancer around the world, and more than half eventually die. In several 

countries, cancer ranks as the second leading cause of death globally following cardiovascular 

diseases. Nevertheless, cancer will soon become the first leading of death, given that cardiovascular 

diseases treatment and prevention had significantly improved in the past years (1,2). The Global 

Cancer Observatory (GLOBOCAN) database, from International Agency for Research on Cancer, 

showed in 2018, 52% and 56% for males and 50% and 44% for females new cases and deaths 

respectively (3ð5). Considering only male population, lung cancer (15%) is the most common and 

the major cause of death (22%), whereas breast cancer (24%) and (15%) is in female population.  

 raises as the most common diagnosed and leading cause of death (15%) in the female 

population (3ð5). 

Breast cancer is becoming one of the most horrifying experiences in womenõs health, although 

when identified and treated in early stages has relatively good prognosis (6). One way to detect 

cancer in earlier stages can be reached by a national screening program were health professionals 

can register and follow-up patients, saving all the clinical information on a digital database(6). For 

a long periodõs time the only option for registering information about patients was through paper. 

When electronic health records (EHRs) were created some advantages became obvious on clinical, 

organizational and societal outcomes. For example, in clinical outcomes we saw an improvement 

in the quality of care, a reduction in medical error and other improvements in patient-level measures 

that describe the appropriateness of care. Regarding organizational outcomes the inclusion such as 

items like financial and operational performance, as well as satisfaction among patients and 

clinicians who use EHRs. Lastly, societal outcomes include being able to conduct research and 

achieving improvement population health. (7).  

For all of this, and aiming to assist healthcare providers registering the information about 

patients, BreastCare software was developed and implemented. This software works as a clinical 

decision support system (CDSS), capable of combining clinical appointments, anatomy pathology, 

imagiology, treatment and administrative systems. It allows different providers to register all the 

information for a patient in only one application. This solution was designed by Virtual Care (VC), 

a start-up hosted at the University of Porto.  

To improve and optimize the data introduction on this CDSS, this thesis proposes a Bayesian 

approach. Bayesian networks (BN) have emerged in recent years as a powerful data mining 

technique for handling uncertainty in complex domains and a fundamental technique for pattern 

recognition and classification, representing the joint probability distribution and domain (or expert) 



 

 
  

knowledge in a compact way and providing a flexible representation that allows researchers to 

specify dependence and independence of variables through the network structure (8). Currently, 

some researchers have been applying bayesian approach owing to complexity challenges of health 

domain (9,10) since diagnosis, treatment outcomes (11), prognosis of the disease (12) and adverse 

drug reaction (13).  
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2. Aim 

This dissertation intended to develop a Bayesian model, that could optimize data 

introduction on BreastCare software, aiming to reduce error insertion or missing information, 

adding value to the breast cancer hospital database, improving research and knowledge regarding 

the disease.  
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3. Background 

Noncommunicable diseases (NCDs) can be recognized as chronic diseases, that include 

cardiovascular diseases, cancers, chronic respiratory diseases and diabetes, as result of a 

combination of genetic, physiological, environmental and behaviours factors. Now, they are 

responsible for 71% of all global deaths, and cancer is expected to rank as the leading cause of 

death and the single most important barrier to increasing life expectancy in the 21st century (3).  

Cancer or malignant tumours or even neoplasms is a generic term for a large group of 

diseases characterized by the growth of abnormal cells beyond their usual boundaries that can then 

invade adjoining parts of the body and/or spread to other organs (14).  

Cancer is the leading cause of death globally and in 2018, based on the GLOBOCAN 

database, there were about 18,078,957 new cancer cases in the world, of these 9,456,418 (52%) 

were male and 8,622,539 (50%) were female. The number of deaths caused by cancer worldwide 

was 9,555,027 among which 5,385,640 (56%) were male and 4,169,387 (44%) were female, in the 

same year. In total, lung and breast cancer are the most newlly diagnosed cancers (12%) and lung 

cancer as the leading cause of cancer death (18%), as shown in figure 1. The slice describe as 

òotheró relates to cancers that goes from 0.1% to 2.8%, including in a total of 24 cancers (3ð5).  

Figure 1 - Distribution of cases and deaths for the 10 most common cancers in 2018 for both sexes. Nonmelanoma 

skin cancers are included in the òotheró category. Source: (5). 



 
 

 

 

Lung cancer (15%) incidence remains in males, followed by prostate (14%) and colorectal 

cancer (11%), as it remains the leading causes of mortality is lung cancer (figure 2). As for females, 

breast cancer is the highest incident (24%) followed by colorectal cancer (10%) and lung cancer 

(8%). Regarding mortality, breast cancer reaches (15%) of the total percentage, verifying that lung 

cancer has the highest rate of mortality (14%) relatively to colorectum cancer (10%), as shown in 

figure 3 (3ð5). 

Figure 2 - Distribution of cases and deaths for the 10 most common cancers in 2018 for males. Nonmelanoma skin 

cancers are included in the òotheró category. Source:(5). 

 

Figure 3 - Distribution of cases and deaths for the 10 most common cancers in 2018 for females. Nonmelanoma 

skin cancers are included in the òotheró category. Source:(5).  



 

 
  

Nevertheless, breast cancer diagnoses and mortality differs across countries. This aspect 

refers to the degree of economic, social and lifestyle development and cancer registry, given that in 

some low and middle-income countries this aspect is not taken into account.  

 

3.1 Breast Cancer  

The breast is highly complex. It goes through more changes than any other part of the human 

body ð from birth, puberty, pregnancy and breastfeeding, right through to menopause (15). Breast 

tissue extends from the collarbone, to lower ribs, sternum (breastbone) and armpit. Each breast 

contains 15-20 glands called lobes. These lobes are connected to the nipple by 6-8 tubes called 

ducts. The breast and armpit contain lymph nodes and vessels carrying lymph fluid and white blood 

cells. Much of the rest of the breast is fatty tissue (15), as shown in figure 4. Breast tissue can 

develop abnormalities that are sometimes malignant (16,17). Breast cancer starts when cells in the 

breast begin to grow out of control, and usually form a tumour. Over time, cancer cells can invade 

nearby healthy breast tissue and make their way into the underarm lymph nodes (17), and if cancer 

cells get into the lymph nodes, they then have a pathway into other parts of the body (18). Usually 

breast cancer either begins in the cells of the lobules, which are the milk-producing glands, or the 

ducts, the passages that drain milk from the lobules to the nipple. Less commonly, breast cancer 

can begin in the stromal tissues, which include the fatty and fibrous connective tissues of the breast 

(18,19). 

Figure 4 -Female breast anatomy showing the lymph nodes, nipple, areola, chest wall, ribs, muscle, fatty tissue, lobe, 

ducts, and lobules. Source:(15) 

Approximately 2,1 million new cases globally in 2018, accounting for 24.2% of all new cases 

of cancer in women (4,20). Breast cancer can present different symptoms, namely painless lump, 



 
 

 

breast pain or heaviness, persistent changes, such as swelling, thickening, or redness of the skin, 

and nipple abnormalities such as spontaneous discharge (especially if bloody), erosion, or retraction 

(19). However, sometimes the cancer spreads to underarm lymph nodes, not large enough to be 

felt, or even being too small, not producing symptoms, making essential the screening and early 

diagnoses.  

Aiming to understand how breast cancer appears, CDC created an article, enumerating the 

risk factors, as you can see below (18,21).  

Risk factors that canõt be changed 

o Getting older: the risk for breast cancer increases with age; most breast cancers are diagnosed 

after age 50 

o Genetic mutations: inherited changes (mutations) to certain genes, such as BRCA1 and 

BRCA2. Women who have inherited these genetic changes are at higher risk of breast and 

ovarian cancer. 

o Reproductive history: early menstrual periods before age 12 and starting menopause after age 

55 expose women to hormones longer, raising their risk of getting breast cancer. 

o Personal history of breast cancer or certain non-cancerous breast diseases: women who have 

had breast cancer are more likely to get breast cancer a second time. Some non- cancerous 

breast diseases such as atypical hyperplasia or lobular carcinoma in situ are associated with a 

higher risk of getting breast cancer. 

o Having dense breasts: dense breasts have more connective tissue than fatty tissue, which can 

sometimes make it hard to see tumours on a mammogram. 

o Family history of breast cancer: a womanõs risk for breast cancer is higher if she has a mother, 

sister, or daughter (first-degree relative) or multiple family members on either her motherõs or 

fatherõs side of the family who have had breast cancer. Having a first-degree male relative with 

breast cancer also raises a womanõs risk. 

o Previous treatment using radiation therapy: women who had radiation therapy to the chest or 

breasts (like for treatment of Hodgkinõs lymphoma) before age 30 have a higher risk of getting 

breast cancer later in life. 

o Women who took the drug diethylstilbestrol (DES), which was given to some pregnant 

women in the United States between 1940 and 1971 to prevent miscarriage, have a higher risk. 

Women whose mothers took DES while pregnant with them are also at risk. 

Risk factors that can be changed: 

o Not being physically active: women who are not physically active have a higher risk of getting 

breast cancer. 

o Being overweight or obese after menopause: older women who are overweight or obese have 

a higher risk of getting breast cancer than those at a normal weight. 

o Reproductive history: having the first pregnancy after age 30, not breastfeeding, and never 

having a full-term pregnancy can raise breast cancer risk. 

o Taking hormones: some forms of hormone replacement therapy (those that include both 

estrogen and progesterone) taken during menopause can raise risk for breast cancer when 



 

 
  

taken for more than five years. Certain oral contraceptives (birth control pills) also have been 

found to raise breast cancer risk. 

Nevertheless, some still have breast cancer independently of having or not a risk factor (21). 

That is why is so important to bet in early diagnosis strategies, focus on providing timely access to 

cancer treatment, reducing barriers to care and/or improving access to effective diagnosis services.  

Screening as the goal of increase the proportion of breast cancers identified at an early stage, 

allowing for more effective treatment used and reducing the risks of death (19,22). Screening in 

breast cancer consist in testing patients identifying cancers before any symptoms appear.  

Various methods have been evaluated as breast cancer screening tools, including 

mammography, breast ultrasound, clinical breast examination and breast self-exam (22). Most 

masses seen on a mammogram and most breast lumps turn out to be benign (not cancerous), do 

not grow uncontrollably or spread, and are not life-threatening. Depending on the characteristic of 

the findings in images, the masses could suggest malignancy or benignity. When cancer is 

suspected, microscopic analysis of breast tissue is necessary for a diagnosis and to determine the 

extent of spread (stage) and characterize the type of the disease (19).  

There are several staging systems and the most widely used is TNM Staging System. This is 

globally recognised as a standard for classifying the extent of spread of tumour; the others staging 

systems are specific to a particular type of cancer, such as FIGO staging system for classifying 

gynaecology cancers. TNM  Staging System uses information on tumour size and how far it has 

spread within the breast and to adjacent tissues (T), the extent of spread to the nearby lymph nodes 

(N), and the presence or absence of distant metastases (spread to distant organs) (M) (19). Once 

the T, N, and M are determined, a stage of 0, I, II, III, or IV is assigned. Table 1 describes the 

staging system (19). 

Table 1 ð TNM staging system for breast cancer. 

Stage TNM  Definition  

0 Tis, N0, M0 

Stage zero (0) describes disease that is only in the ducts and 

lobules of the breast tissue and has not spread to the surrounding 

tissue of the breast. It is also called non-invasive cancer.  

IA T1, N0, M0 
The tumour is small, invasive, and has not spread to the lymph 

nodes. 

IB T0 or T1, N1, M0 

Cancer has spread to the lymph nodes and the cancer in the 

lymph node is larger than 0.2 mm but less than 2 mm in size. 

There is either no evidence of a tumour in the breast or the 

tumour in the breast is 20 mm or smaller. 

IIA  
Any 1 of these 

conditions: 

T0, N1, M0 

There is no evidence of a tumour in the breast, but the cancer 

has spread to 1 to 3 axillary lymph nodes. It has not spread to 

distant parts of the body. 

T1, N1, M0 
The tumour is 20 mm or smaller and has spread to the axillary 

lymph nodes. 

T2, N0, M0 
The tumour is larger than 20 mm but not larger than 50 mm and 

has not spread to the axillary lymph nodes. 



 
 

 

IIB 
Either of these 

conditions: 

T2, N1, M0 
The tumour is larger than 20 mm but not larger than 50 mm and 

has spread to 1 to 3 axillary lymph nodes. 

T3, N0, M0 
The tumour is larger than 50 mm but has not spread to the 

axillary lymph nodes. 

IIIA  

T0, T1, T2 or T3, 

N2, M0 

The cancer of any size has spread to 4 to 9 axillary lymph nodes 

or to internal mammary lymph nodes. It has not spread to other 

parts of the body. 

T3, N1, M0 
May also be a tumour larger than 50 mm that has spread to 1 to 

3 axillary lymph nodes. 

IIIB  
T4; N0, N1 or N2; 

M0 

The tumour has spread to the chest wall or caused swelling or 

ulceration of the breast or is diagnosed as inflammatory breast 

cancer. It may or may not have spread to up to 9 axillary or 

internal mammary lymph nodes. It has not spread to other parts 

of the body. 

 

 

 

 

 

IIIC  

 

any T, N3, M0 

A tumour of any size that has spread to 10 or more axillary 

lymph nodes, the internal mammary lymph nodes, and/or the 

lymph nodes under the collarbone. It has not spread to other 

parts of the body. 

IV (metastatic) any T, any N, M1 

The tumour can be any size and has spread to other organs, such 

as the bones, lungs, brain, liver, distant lymph nodes, or chest 

wall). 

 

Depending of the stage, cancer treatment requires careful consideration of evidence-based 

options, given the resources available which can include more than one of the major therapeutic 

modalities: surgery, radiotherapy, chemotherapy and biological therapy. Combined modality 

therapy requires close collaboration among the entire cancer care team and should be delivered in 

an integrated, people-centred manner, with the possibility of a shared decision-making that 

considers patient preferences (14). 

 Another topic related to breast cancer is it prognosis. The prognosis of breast cancer is 

strongly influenced by the stage of the disease ð that is, the extent or spread of the cancer when it 

is first diagnosed.  Survival rates for breast cancer vary worldwide, but in general rates are improved. 

This is because breast cancer is diagnosed at an earlier and localised stage in nations where 

populations have access to medical care and because progressive improvement in treatment 

strategies (20). 

 

3.2. Clinical Decision Support System   

Evidence-based medicine is systematic approach to clinical problem solving which allows 

the integration of the best available research evidence with clinical expertise and patient values. In 



 

 
  

breast cancer, as others, having all the information about the patient is essential for a decision. To 

do so, in several Portuguese hospitals are available BreastCare software. This is proposed as a 

clinical decision support systems (CDSS), powered by Virtual Care (VC). VC is a start-up created 

in Centre for Health Technology and Services Research (CINTESIS) and hosted at the University 

of Porto. VC is a Portuguese company focused in the development of quality and innovative clinical 

applications. A CDSS is used to assist health professionals in decision making by taking over some 

routine tasks, warning them of potential problems, or providing suggestions for health 

professionals consideration (23). As so, BreastCare software attends the needs of all health 

professionals, since registration to follow-up, including screening, diagnosis and treatment options, 

making decisions easier. 

Such as BreastCare, systems which do not only provide information, but also participate in 

simple decision-making activities of any organization, are known as decision support systems (DSS) 

(23). The DSS employing data mining tools and do not require a priori knowledge the decision 

maker, instead, the system is designed to find new and unsuspected patterns and relationships in 

each set of data; the system then applies this newly discovered knowledge to a new set of data (24). 

Data mining tools are defined as the discovery of knowledge from data through the process of 

applying computer based information system (25,26), aiming the extraction of data into meaningful 

information (24). The data mining process consists of five steps and is described bellow (8,27); 

1. problem identification  involves defining the problem and determine the project goals, 

identifying key people, and learning about current solutions to the problem. 

2. data extraction: this step starts with initial data collection and familiarization with the data. 

Specific aims include identification of data quality problems, initial insights into the data 

and detection of interesting data subsets. 

3. data pre-processing: covers all activities needed to construct the final dataset. 

4. data mining: techniques are selected and applied to modelling the pre-processed data. 

There are different ways of modelling the data, such as, classification, clustering, association 

rules, prediction and others.  

5. pattern interpretation and evaluation: evaluation includes understanding the results, 

checking whether the discovered knowledge is novel and interesting, interpretation of the 

results by domain experts, and checking the impact of the discovered knowledge.  

 
Figure 5 -Knowledge discovery 



 
 

 

In the healthcare setting, data mining is well suited to provide decision support. Healthcare 

organizations face increasing pressures to improve the quality of care while reducing costs. Because 

of the large volume of data generated in healthcare settings, it is not surprising that healthcare 

organizations have been interested in data mining to enhance physician practices, disease 

management, and resource utilization (24). No CDSS shall be substituted to physicians decisions, 

however, these aids can help clinical decision-making especially in critical and vital situations (23). 

 

3.3. Electronic Health Records 

To have data, we need excellent electronic health record (EHR). This is the basis of each 

CDSS. EHR is a powerful tool to improve health care quality while reducing its costs. As a 

longitudinal repository of patient diagnoses, treatments, and responses to treatment. Electronic 

health records EHRs are also being increasingly recognized as an important tool for research (28). 

A formal definition for EHR òis an electronic version of a patientõs medical history, that is maintained by the 

provider over time, and may include all of the key administrative clinical data relevant to that persons care under a 

particular provider, including demographics, progress notes, problems, medications, vital signs, past medical history, 

immunizations, laboratory data and radiology reportsó (29,30). 

In the last decade, EHR adoption rates have soared, and in 2015, 87% of office-based 

physicians had adopted EHR (31). As they can improve the clinicianõs workflow, support other 

care-related activities directly or indirectly through various interfaces, including evidence-based 

decision support, quality management, and outcomes reporting. This kind of improvements can 

promote the decrease of the incidence of medical errors by improving the accuracy and clarity of 

medical records, reducing the duplication of the medical exams, delays in treatment and all this 

together contribute for a better patient care and provides to make a better decisions (29,30). 

Whereas, EHR have important limitations. Research using such data sources requires rigorous 

attention to study design, this is due that ,most populations captured in EHR systems are highly 

dynamic with frequent òin and outó migration based on patient choice, employment, insurance, 

and geography, and this may blind researchers to some types of care. Gaps in care records and 

poorly defined source populations can not only lead to difficulties in inference but may also pose 

fundamental challenges in identifying (and comparing) appropriate study and target populations 

(32). 

3.4. BreastCare 

BreastCare is divided in seven main section: òPatientó, òClinical, òPathological Anatomyó, 

òImagiologyó, òTreatmentó, òEUSOMAó and òTimelineó (figure 6). The EUSOMA and Timeline 

sections will not be described because as no variables of interest for this dissertation, as EUSOMA, 

refers to the standards set implemented by European Society of Breast Cancer Specialists and 

timeline presents a chronology of the patient. 

As we mentioned, BreastCare was developed by a Portuguese company and it is implemented 

in Portuguese hospitals, so the software is written in Portuguese. To facilitate the comprehension 



 

 
  

of the readers, we have created a subsection, in Annexes (B) òVariablesó, that translate the text in 

the images to English. 

To better understand BreastCare software, we developed a workflow as if a physician is 

entering a record. 

 

Figure 6 ð BreastCare main menu. 

A patient entry the room. I open the BreastCare and check if the patient already exists in the 

software using the ID number available on right superior corner. If not, the Administrative create 

a new patient in the òPatient sectionó.    

3.2.1 Patient Section 

In the section òPatientó, the Administrative have the ability to insert Personal Information 

such as name, address, birth data, nationality, contacts and filiation, being this information required 

to check-in on the BreastCare (figure 7). As physician the first separator to fill is òPrevious 

Historyó, consisting in explore the clinical data of the patient, registering comorbidity, medication, 

previous surgeries, family history, and observations (figure 8). After, this I change of section, 

opening òClinicaló. 

 

 

 

 

 

 

 

 

 

 Figure 7 ð BreastCare, patient section, personal data separator. 



 
 

 

 

 

 

 

 

 

 

 

 

3.2.2 Clinical Section 

In òClinicaló is created to record and support the different medical appointments (figure 9). 

In the first clinical appointment I do physical assessment of patient and prescribe the 

complementary diagnostic exams (figure 10). After the complementary diagnostic exams are ready, 

the sections of òPathological Anatomyó (figure 11) and òImaging Screeningó (figure 12) are 

completed with the information contained in the reports, being fundamental to support the 

decision-making. For the next medical appointment, òDiagnoses Appointmentó, the results from 

the complementary diagnostic exams are available and I should make a clinical decision treatment 

or ask for a òMulti-Disciplinary Team Appointmentó to with other colleagues support the clinical 

decision treatment. When patient starts the prescribe treatment a òFollow-up Appointmentó is 

marked to check-up.  

  
 

 

 

 

 

  

 

 

 

 

 

 

 

Figure 8 ð BreastCare, patient section, previous history separator. 

Figure 9 ð BreastCare, clinical section, appointments available.  

Figure 10 ð BreastCare, clinical section, first clinical assessment separator. 



 

 
  

 

3.2.3 Pathological Anatomy Section 

òPathological Anatomyó section came filled and depend from the different methods used to 

scan the disease. In this section is allowed to save more than one lesion and mark in a breast mock-

up, in same report. There are transverses specifications for the methods used like exam number, 

type of the specimen, weight, size and skin changes.   

 

 

 

 

 

 

 

 

 

 

 

3.2.4 Imagiology Section 

Regarding to Imagiology section, it allows to see the historical from imagiology department, 

choose the complementary diagnostic exams done by the patient and the results. It is possible see 

the breast mock-up already marked with the lesion.  

 

 

 

 

 

 

 

 

 

 

Figure 11 ð BreastCare, pathological anatomy section, report from specimen surgical separator. 

Figure 12 ð BreastCare, imagiology section, setp2 separator.  



 
 

 

3.2.5 Treatment Section 

Concerning to Treatment section exists three sub-section: òSurgery Registeringó, 

òRadiotherapyó and òChemotherapyó. All these sub-sections have available fields to complete 

about each procedure, and should be filled by the specialist physician. 

In òSurgery Registeringó allows the user chooses different types of surgery: breast surgery, 

armpit surgery, breast reconstruction, gynaecological surgery, enables too register the 

complications and elaborates the report with the previous selections.   

In òRadiotherapy Treatmentó is possible to choose different kind of appointments 

depending on the phase of Radiotherapy, starting with the òPlanning Appointmentó were the 

physician could select if the patient agrees to be treated at the institution or in another institution, 

or in other hand if the patient refuses treatment. Some information should be noted as start date 

and expected end date of the treatment, intention, techniques for delivering radiotherapy. It is 

important to check if the patient is doing chemotherapy concomitant, because could affect the 

starting date. After this, the physician could register the irradiated volume, the boost volume, dose 

total and the number of fractions. If the patient already start treatment the appointment should be 

Figure 13 ð BreastCare, treatment section, options available. 

Figure 14 ð BreastCare, treatment section, surgery registration separator.  

Figure 15 ð BreastCare, radiotherapy section. 



 

 
  

marked as òWeekly Appointmentó, and if the end date is near the appointment should be òFollow-

up Appointmentó.  

Regarding to òChemotherapy Treatmentó is composes for three sub-sections: 

òChemotherapyó, òHormonotherapyó and òImmunotherapyó, and is available to annotate the start 

and the end date, as to select the therapeutic scheme. Like in previous section is allowed to select 

if the patient accept or refuse the treatment, and if the treatment is suspended because of toxicity. 

 

 

 

 

 

 

  

Figure 16 - BreastCare, chemotherapy section. 



 
 

 

 

MATERIALS AND METHODS  

  



 

 
  

 

4. Materials and Methods 

4.1. Pre-processing 

This study included patients records from BreastCare database provided by Virtual Care 

(VC), from Centro Hospitalar Universitário de São João, since 2001 to September of 2018. The 

software is divided in seven section: Patient, Clinical, Pathologic Anatomy, Imagiology, Treatment, 

EUSOMA and Timeline. We deleted from our research the last two section, because they have not 

variables of interest. Regarding the others sections, they were not completed. Firstly, we checked 

for missing values and eliminated the oneõs that have  

The data were provided by Virtual Care (VC), and only the sections òPatientó, òClinicaló and 

òTreatmentó were partially filled, all the others missing were consider not applicable (NA). A total 

of 14,540 observations were extracted from BreastCare, but after checking for duplicates the final 

number was 1653. Since only 3 of the 7 sections had information, we collected data from 

imagiology software òsiimaó, filling the section òImagiologyó, through the process number to find 

the patients and only obtain information from the first record on òsiimaó.  

This was approved by the Ethics Commission of Centro Hospitalar Universitário de São 

João, fulfilling the Declaration of Helsinki. (annexe A). 

4.2. Missing information 

 

4.3. Bayesian approach 

 

4.4. Evaluation of the model 

 

To perform our approach ð Bayesian network ð a pre-processing phase was performed to 

eliminate duplicate observations, in R. The duplicate records occurs because of the variable family 

history. When a patient had more than one family member with history of breast or ovarian cancer, 

the patient number was duplicate. This is a glitch of BreastCare, and to solve the problem, we 

joined by the process number, the information related to family history. To choose which columns 



 
 

 

variables we will be using in our model, we checked the percentage of missing information, and 

deleted those who had 100% missingõs achieving 18 variables (from 4% to 98% of missingõs).  

Afterwards, we collected the information of òImagiologyó section for the 1653 patients, since 

one is a trial of the hospital in the software. Having 4 sections with information, we re-checked the 

percentage of missing information one this new variables; so that the lowest values can be used in 

k-nearest neighbours imputation (k-NN), following by highest percentage until all the variables are 

imputed, in total of 19 variables.  

As we know, imputation is the process used to determine and assign replacement values for 

missing data items, since our model development needs a complete dataset (33). The k-NN is a 

non-parametric method that consists of the k closest training examples in the feature space (34).  

The cut-off of òdiagnosesó and òBi-Rads Classificationó was been done. The òBi-Rads 

Classificationó cut-off was defined according to the literature available. The Bi-Rads category is 

between 0 and 3 inclusive were benign and lesions with a Bi-Rads category higher than 4 were 

considered to be malignant (35). Regarding òdiagnosesó, the subitems were òwithout lesionó, 

òbenignó and òmalignó, joining the òwithout lesionó and òbenignó in the same item òno malignantó 

opposing with òmalignó item. Concerning to òhormonotherapyó was not possible realize a cut-off 

and the performance of the variable cannot be assessed.  

After, the dataset is fulfilled, we used RapidMiner to develop the bayesian model, with hill-

climbing algorithm (HC), that is an iterative algorithm that starts with an arbitrary solution to a 

problem, then attempts to find a better solution by making an incremental change to the solution. 

If the change produces a better solution, another incremental change is made to the new solution, 

and so on until no further improvements can be found (36). 

 Also, the same data mining tool was used to asses accuracy, sensitivity, specificity, positive 

predictive value (PPV) and negative predictive value (NPV). Sensitivity can be defined as the 

number of correctly classified cases as positives divided by the total number of actual positive cases. 

On the other hand, specificity is defined as the number of correctly classified cases as negatives 

divided by the total number of actual negative cases. Also, PPV can be defined as correlation 

between true positive cases and true positive plus false positive cases.  Besides, the NPV represents 

the correlation of true negative with the true negatives plus false negative cases (8). 

The bayesian networks (BN) have been around in biomedicine and healthcare for more than 

a decade now and have become increasingly popular for handling the uncertain knowledge involved 

in establishing diagnoses of disease, in selecting optimal treatment alternatives, and predicting 

treatment outcome in various areas (35). The links can represent cause-effect relations between 

variables so that it is possible to design the relations in a BN from the understanding of domain 

experts (37).  

There are several types of BN, namely, naïve Bayes (NB) is a simple learning algorithm that 

utilizes Bayes rule together with a strong assumption that the attributes are conditionally 

independent, given the class (38). Another is tree augmented naïve bayes (TAN) employs a tree 

structure, allowing each attribute to depend on the class and at most one other attribute (39). 



 

 
  

In order to better understand the methodology, a flowchart was created that reflects the 

process (figure x).  





 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 ð Pathway since Collection to Processing Data.



 
 

 

 

RESULTS AND DISCUSSION 

  






































