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Abstract: Cancer registry has become an important part of cancer research. It helps researchers and clinicians track 

data related to cancer incidences in hospitals and communities. Indonesian Colorectal Cancer Consortium (IC3) is an 

initiative founded by Hasanuddin University and Bina Nusantara University to establish a collaboration among 

universities and hospitals throughout Indonesia in conducting colorectal cancer research. A data science system has 

been created to support this research as implementation and expansion of a site-specific cancer registry. SCRUM, as 

the most common agile software development technique, was used as the approach to building this system. In the 

beginning, a data dictionary was created based on the medical records and questionnaires filled by clinicians following 

patient answers. This web system was built using the PHP CodeIgniter framework. The overall system consists of two 

main parts: (1) data storage and (2) data analysis that allows anyone involved in the consortium to manage and analyze 

the data. All data are stored in the PostgreSQL database and can be accessed by RStudio Server as the analysis tool. 

This system was successfully implemented in the pilot research project with 355 samples. The implemented web-
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based system can help researchers and clinicians store and analyze cancer-related data collected in Indonesia. 

Keywords: cancer; cancer registry; data science; information system; web application. 

2020 AMS Subject Classification: 92B15. 

 

1. INTRODUCTION 

Colorectal cancer is among the top ten most frequently diagnosed cancers in Indonesia [1] and 

remains one of the most fatal cancers in the world [2]. The number of colorectal cancer incidences 

worldwide increased significantly above the age of 50 years, leaving 3% of the cases for patients 

under 40 years [3], which is quite different compared with the trend in Indonesia. Young patients 

(under 40 years) constitute more than 30% of the cases, exhibiting more progressive disease and 

subpar response towards chemotherapy treatment [3]. The prevalence number of colorectal cancer 

cases per 100,000 people is about 3.15 for females and 4.13 for males [4]. This number is relatively 

low compared to countries with higher human development index, such as Australia, New Zealand, 

and Western Europe. However, since Indonesia is the fourth most populous country in the world 

with more than 270 million people, then the prevalence number becomes more significant [5]. 

One of the contributing factors that increase the figure of colorectal cases within a population is 

unhealthy habits [2,6]. Further, various genetic factors play an important role in elevating cancer 

risk as a lot of well-established studies have suggested that an individual is likely to develop cancer 

if there is a cancer history in his/her family [7–10]. Extensive studies are required to understand 

the role of lifestyle and genetic factors in the progression of colorectal cancer cases within diverse 

populations [7,10–16]. The data collected from the studies can be employed to build statistical 

models such as polygenic models to predict the risk of cancer incidences using both genetic data 

and phenotype data [11,17–19]. This implies the importance of colorectal cancer data science 

systems such as cancer registry as a tool to collect and analyze cancer-related data [20]. A 

systematic cancer registry can help clinicians and researchers classify cases, evaluate risk factors, 

and learn the effect of treatments by studying patient’s medical data and genetic profiles. Moreover, 

it can be used to develop a preventive program planned for an individual with a high risk of 

colorectal cancer. 
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Hasanuddin University along with Bina Nusantara University has established the Indonesian 

Colorectal Consortium (IC3) focusing on colorectal cancer-related studies in Indonesia. This 

consortium is intended to collect and analyze colorectal-related data throughout hospitals in 

Indonesia for gaining insights in prevention and treatment schema. As a pilot project, clinical data 

and blood samples from 355 respondents were collected in a case-control design study. These data 

include medical records from hospitals, personal data directly gathered from the respondents using 

questionnaires, and genetic data from DNA sequencing results. Therefore, in this work, a 

systematic web-based query and analytic system to store and analyze all data collected from IC3 

studies was developed. The ultimate goal of this system is to make a personalized follow-up action 

plan based on the clinical and genetic data and to perform as a tool to do epidemiological research 

[8]. 

2. INFORMATION TECHNOLOGY FOR CANCER REGISTRY 

A cancer registry is used to maintain a reporting system for cancer incidences, as a reference to 

investigate the causes of cancer and to help clinicians in planning appropriate treatments for 

patients. Also, a cancer registry can be categorized as a part of a surveillance system [21]. The 

development of a web-based registry system allows centralized database management and 

statistical tools that can be accessed by other researchers and clinicians. Such web applications 

also have been implemented and assessed in various types of previous studies, for examples: a 

stroke prevention system [22], online learning applications for early disease detection [20,23,24], 

health wearable data analysis [25], electronic health record sharing [26], child growth and 

malnutrition monitoring system [27], information system for rice genetics [28], and cloud 

computing [29]. 

There are two general types of cancer registry [21,30]: hospital-based registries and population-

based registries. A hospital-based cancer registry collects cancer data from selected hospitals, in 

which the data can be used to assess the effectiveness of diagnosis and treatments [30]. Information 

collected in this registry is mainly related to diagnosis, stage distribution, treatment methods, and 

survival [21]. On the other hand, a population-based cancer registry collects cancer information 
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based on geographical factors [30]. It is usually focused on the incidence cases and trends [21]. 

Each geographical area can have its cancer registry system as its consideration to build reactive 

and protective planning from a population point of view. These data are usually gathered by census 

and interviews with the patients [30]. 

In Indonesia, a population-based cancer registry has been developed by Diponegoro University 

since 1970 in the city of Semarang [31]. However, due to a bureaucratic issue at the government 

level, the development of a cancer registry was stopped. The Ministry of Health restarted a 

program in 2007 to develop a cancer registry with a more sustainable approach. The program was 

only implemented in Jakarta as a hospital-based cancer registry but then expanded to be a 

population-based cancer registry. Later, two cancer hospitals in Indonesia (i.e., National Cancer 

Center and the Hospital for Cancer Registration Center) successfully developed a cancer 

registration system called CanReg5 [32,33]. 

The current development of cancer registries is only focused on phenotype factors to assess and 

control cancer incidences. Recently, several studies have included genetic testing to assess cancer 

risks. A colorectal cancer assessment that integrates genetic testing demonstrates more accurate 

results in detecting patients with colorectal cancer cases [34]. The main advantage of genetic 

testing in a cancer predisposition study is the unique characteristic of genes [35], allowing 

researchers and clinicians to develop more personalized treatments for patients. Since genetic 

testing is considered to be a complex analysis, the combination with cancer registries requires an 

efficient and robust approach to accommodate all issues. 

3. METHODOLOGY 

A web-based data science system that combines the features from the cancer registry and genetic 

testing was developed. A web-based approach was selected to give easy access to everyone 

involved in the colorectal cancer study. The whole development process of this web-based 

application was based on the Agile Software Development approach [36]. It is the most common 

approach used in developing a computer system. The most important part of it, compared to the 

earlier approach such as the Waterfall technique, is the capability to adapt to constant changes 
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during the software development process [37–40]. More specifically, SCRUM, as the most popular 

technique in the agile software development approach, was used as the guideline in building this 

web system [41]. 

The major consideration in developing the system was accessibility and usability. In respect of 

the accessibility aspect, a web-based system was selected to ensure that everyone involved in this 

research can access the system via the Internet. This system includes features to store, analyze, and 

report colorectal cancer data. The entire workflow of this system can be seen in Fig. 1. 

The system was mainly developed using the PHP CodeIgniter framework while PostgreSQL was 

used to build the database. In order to provide a statistical analysis feature, this system was 

connected to the Rstudio server. It allows the system to perform statistical analysis, then displays 

its result to the users on the system dashboard. These software architectures were deployed in an 

HTTP Apache web server. 

 

FIGURE 1. System Workflow 

4. RESULTS AND DISCUSSION 

The system has been implemented in pilot research at Hasanuddin University in Makassar, 

Indonesia. The study was a case-control study to assess colorectal cancer incidences in one specific 
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geographic area aiming to compare both clinical data and genetics data between a control case and 

a group case. The respondents in the case group were diagnosed with colorectal cancer while the 

control group consisted of respondents who did not have colorectal cancer. This can provide an 

example of combining population-based cancer registries and hospital-based cancer registries 

because the data collected in this study were focused on both clinical and geographic-related data. 

The system developed in the study enables clinicians and researchers to identify specific factors 

and biomarkers related to colorectal cancer. The final output is a model that can help clinicians 

plan personalized medical treatment based on genetic data. The data contain 355 samples which 

consist of 162 samples in the case group and 193 samples in the control group. 

The data were extracted from questionnaires that contained medical records filled by the 

clinicians and personal data filled based on respondents’ answers. The number of questions for 

both groups was different because some questions were not relevant to the control group which 

implied a different number of variables for each group dataset. The case dataset had 386 variables 

while the control dataset had 323 variables. 

A data dictionary was created to help in understanding the dataset. All variables in the dataset 

were divided into 25 sections based on the questions’ context. These sections include Patient 

Identity, Anamnesis, Menstruation and Reproductive History, Family History of Cancer, and more, 

which are detailed in Table 1. 

The creation of the data dictionary is part of the requirements gathering at the beginning of the 

development process. Based on this dictionary, then a database was constructed for data storage 

and retrieval of the system. A relational database was selected because of its ease of deployment 

but at the same time, it can manage large-scale data. In total, there are 6 tables in the database 

consisting of 4 dataset-related tables and 2 user-related tables. The session table can store activity 

logs from all users so that it can be used to track any changes in the database. A level attribute in 

the user table was used to specify the user’s read and write permission.  

All respondents’ data were stored in the CRC case and the CRC control table based on the 

respondent’s group. These tables were then associated with the dataset table so it could be used 
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for analytic purposes through the analytic table. The illustration of this entity relationship diagram 

can be seen in Fig. 2. This web-based system enabled everyone involved in the research to store 

and access the data as well as to perform statistical analysis. 

TABLE 1. Data Dictionary 

Section Description Number of 

Variables 

Patient Identity Demographic information 31 

Anamnesis Clinical diagnosis 60 

Menstruation and

 Reproduction 

History 

Information related to menstruation and reproduction and 

only applicable for female respondents. 

23 

Family History of Cancer Information related to cancer history of respondents 

family including father, mother, brother, sister, 

grandparents, and any other relatives. 

52 

Eating Habits Information related to eating habits for several types of 

foods, such as vegetables, meat, spicy food, etc. 

19 

History of alcohol and 

coffee consumption 

Information related to alcohol and coffee habits including 

the frequency, type of beverages, etc. 

8 

Smoking habits Smoking habits information including frequency 

(cigarettes per day), smoking-related illness, etc. 

11 

Exercise Information related to exercise habits 1 

Physical Examination Medical record focusing on physical examination 7 

Laboratory Examination Information related to laboratory examination including 

hemoglobin, leukocyte, etc. 

12 

Supporting Examination Other supporting examination 9 

Tumor Marker Tumor identification 3 

Diagnosis of Pre Surgery Pre-surgery diagnosis by a clinician 1 

Surgery Action Whether a surgery has been taken 1 

Type of Surgery Action Type of surgery action has been taken 1 

Surgery Time Time of surgery action 1 

Diagnosis Post Surgery Post-surgery diagnosis by a clinician 1 

Tumor Location Location of tumor 1 

Staging Post Surgery Tumor staging after surgery 3 

Anatomical Pathology Anatomical pathology identification 3 

Molecular Biology Molecular biology identification 6 

Durante Surgery Finding Finding during surgery 1 

Complications Disease complication information 1 

Chemotherapy Chemotherapy history 1 

Radiotherapy Radiotherapy history 1 
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FIGURE 2. Entity Relationship Diagram 

Users need to go to the login page to access the entire system. It can be used to differentiate the 

user’s role to specify the permission level for each user. The role was defined by the level attribute 

in the user table. This level determines the extent to which users can add, edit, or delete data. There 

is no signup feature to allow someone to create an account in this system. The administrator is the 

only one who can create the user and set the role level to prevent intruders from accessing the 

system due to the confidential and sensitive nature of medical records. 

There are two main parts of the data science system that can be accessed by the users. The first 

part is the dashboard that displays statistical analysis results. The majority of the analyses are 

descriptive statistical analyses that solely depend on the type of data used. The dashboard page can 

be viewed in Fig. 3. The second part of the system is the data table which is illustrated in Fig. 4. 

This part is divided into case and control groups based on the study design. In each group, the 

users can view all respondents’ detailed data. Only users with a specific role can edit the records. 

The users also can download the data into CSV files if needed. 
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FIGURE 3. Dashboard Page 

 

FIGURE 4. Data Table Page 

5. CONCLUSION 

The web-based data science system has been developed to help clinicians and researchers 

maintain all data related to colorectal cancer incidences that include clinical and genetic data. This 
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system was successfully implemented in the pilot research project with 355 samples. The data 

extracted from questionnaires can be recorded easily to the system for further use and analysis. 

Researchers can also get the statistical results from the system because it was connected to the 

Rstudio server. This system was built to allow researchers to be involved in every stage of research, 

starting from the data preparation to the reporting stage. Since the genetics data have not been 

recorded into the system, it was impossible to measure the system’s performance to do a more 

sophisticated and complex statistical analysis. 

Some useful feedbacks were also gathered from researchers and clinicians as the users of the 

system. Mainly, their feedbacks were focused on the data input mechanism since the input process 

was exhaustive and contained a large number of variables to be inputted into the system. For future 

improvement, these issues will be put as the main focus. These issues will potentially become the 

most significant barrier since this system will be implemented for multi-center research. A better 

user interface (UI) and user experience (UX) must be developed to provide a better system flow 

for the users. It also will avoid any data failure caused by data input errors. 
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