EIGHT STEPS IN DEVELOPING A DATABASE 
Introduction 
A database can be a powerful tool to: observe the course of a disease; understand variations in treatment and outcomes; examine factors that influence prognosis and quality of life; describe care patterns, including appropriateness of care and disparities in the delivery of care; assess effectiveness; monitor safety and harm and; measure the costs and quality of care. This document provides eight basic steps in developing a database.
1. Articulate the purpose 
One of the first steps in planning a database is articulating its purpose. Having a clearly defined purpose that clarifies what data should be collected. 
The overall purpose should be translated into specific objectives(1). This process needs to consider the interests of patients, health care workers, researchers, students, collaborators and the key audiences to be reached. Clear objectives are essential to define the structure and process of data collection and to ensure that the database effectively addresses the important questions and the appropriate analyses. Specific objectives also help the database to avoid collecting large amounts of data of limited value. The time and resources needed to collect and process data from a database can be substantial. For this reason, the identification of a core data set is essential. The benefits of any data element being included in the database must outweigh the costs of including it.
Database planners should consider the key questions the database needs to answer. Some examples of key or driving questions are listed below:
· What is the natural course of the disease?
· How does geographic location affect the disease course and or outcome ?
· What benefits and harms are associated with the various treatments?
· What complications are experienced?
· How is disease progression affected by available therapies?
· What are significant predictors of poor outcomes?
· What is the safety profile of a specific therapy?
· How do clinical practices vary, and does this impact on outcome?
· Are there disparities in the delivery and/or outcomes of care?
· What characteristics or practices enhance compliance and adherence?
· Do quality improvement programs affect patient outcomes, and, if so, how?
· Is the team providing high quality care?
· Was an intervention program or risk-management activity successful?
· What are the resources used to deliver the program?

The core data set variables (“need to know”) define the information set needed to address the critical questions for which the database was created. At a minimum, database planners should accommodate these fields when calculating the resource needs and overall design of the database. If additional noncore variables (“nice to know”) are included, such as more descriptive or exploratory variables, it is important that such data elements align with the goals of the database and take into account the burden of data collection and entry at the site level. 

Two important questions to consider are whether a database (or other study) is needed to address the purpose and, if the answer is yes, whether prospective data collection through a database is an appropriate means of accomplishing the scientific objectives(1). Every database team should consider the following questions early in the planning process:
· Do these data already exist?
· If so, are they of sufficient quality to answer the research question?
· Are they accessible, or does an entirely new data collection effort need to be initiated?
For example, could the necessary data be extracted from electronic medical records or administrative health records. In such cases, databases might avoid re-collecting data that have already been collected elsewhere and are accessible. Thought should be given to adapting the database (based on extant data) and/or linking to other relevant data sources. When the required data have not been sufficiently collected or are not accessible for the desired purpose, it is appropriate to consider creating a new database.

2. Build a database team
Several different kinds of knowledge, expertise, and skills are needed to plan and implement a database. In a small database run by a single individual, other professionals may be able to provide the critical levels of expertise needed to plan all components of the database. In a large database, a variety of individuals may work together as a team to contribute the necessary expertise. It is important to build a group that can work together to accomplish the goals of the database. Additionally, the team participants must understand the data sources. By understanding the goals and data sources, the database team will enable the data to be used in the most appropriate context for the most appropriate interpretation. The different kinds of expertise important in developing a database are:
· Project management skills: Project management skills are important to: coordinate the components of the database; manage timelines, milestones, deliverables, and budgets; and to ensure communication with sites, stakeholders, oversight committees, and funding sources. 
· Clinical content expertise: A database must be designed so that it contains the relevant clinical data to meet its goals as well as the needs of its stakeholders. 
· Public health expertise:  These scientists should work with the subject matter experts to ensure that appropriate analytic methods are used to address the relevant clinical and other research questions.
· Data collection and database management expertise: Assistance from experienced database managers should be sought regarding the organisation and sequencing of data elements. Experts in this field may be required to write specific programs so that the data received from the database are grouped, stored, and identified. They may generate reports for individuals who track database participation, and they may provide data downloads periodically for analyses. This team will also be responsible for implementing and maintaining firewalls to protect the data according to accepted levels of security.
· Legal expertise /patient privacy expertise: It is critical that information that identifies individual patients be excluded or applicable legal requirements for the inclusion of patient identifiable information be met (e.g. obtaining informed consent, ethical approval  or Protection of Personal Information Act(2) [PoPI Act] authorization, where required). .
 A list of possible team members for a cancer database might include:
· Registrars
· Oncologists
· Surgeons
· Physicians
· Nurses
· Dieticians
· Physiotherapists
· Occupational therapists
· Speech and hearing therapists
· Palliative care teams
· Geneticists
· Basic scientists 
· Public health specialists
· Social workers
· Ethics personnel 
· Patients/patient advocates

3. Establish a governance and oversight plan
Governance refers to guidance and high-level decision making, including purpose, funding, database implementation, data analysis and dissemination of information. Depending on the size of the database, governance may be assumed by various oversight committees made up of interested individuals who are part of the design team (internal governance) or who remain external to the day-to-day operations of the database (external governance). Differences in the nature of the study questions, the overall resources being consumed by the database, the soundness of the underlying data sources, and many other factors will influence the degree of involvement and role of oversight groups. 
Many of the roles, for example, could be assumed by a single committee (e.g., a steering committee) in some databases. Whatever model is adopted, it must accommodate all the working constituencies and provide a mechanism for these individuals to work together to achieve the goals of the database.
Governance and oversight functions that may be considered include:
· Executive or steering: This function assumes responsibility for the major financial, administrative, legal/ethical, and scientific decisions that determine the direction of the database. These decisions are made with appropriate input from legal, scientific, and administrative experts. Depending on their capabilities and the size and resources of the database, the group serving the steering function may also assume some of the functions described below.
· Scientific: This function may include experts in areas ranging from database content, to general clinical research, to epidemiology and biostatistics. This function may determine the overall direction of database inquiries and recommend specific analyses to the executive or steering group. It is strongly desirable that the reports that emerge from a database be scientifically based analyses that are independent and transparent. 
· Liaison: In large databases, a function may be specified to focus on maintaining relationships with the funding source, health care providers, and patients who need access to database information. The group serving this function may develop monitoring and satisfaction tools to ensure that the day-to-day operations of the database remain healthy.
· External review: External review committees and/or advisory boards can be useful for providing independent oversight throughout the course of the database. 
· Data access, use and publications: This function should address the process by which database investigators access and perform analyses of database data for the purpose of submitting abstracts to scientific meetings and developing manuscripts for peer-reviewed journal submission. Authorship guidelines should be established. A process for reviewing and responding to such requests from other investigators or entities should be considered in some databases that may generate broad external interest if the database stakeholders and participants are agreeable to such use.

4. Consider the scope of the database
Some of the specific variables that can characterize the scope of a database include:
· Size: This refers to the number and complexity of data points, the frequency of data collection, and the enrolment of investigators and patients. A database with a large number of complex data points may allow for detailed and thoughtful analyses but may be so burdensome as to discourage investigator and patient enrolments. In turn, a small database with few patients and data points may be easier to execute, but the data could lack depth and be less meaningful. Size also determines the precision with which measures of risk or risk difference can be calculated.
· Duration: The planning of a database must reflect the length of time that the database is expected to collect the data to achieve its purpose and provide analysis of the data collected. Some databases are limited by commercial interests, such as when the product under study is approaching the end of its patent life.
· Setting: This refers to the specific setting through which the database will recruit investigators and patients as well as collect data (e.g., hospital, doctor's office, pharmacy, home).
· Geography: A locally run database is very different in scope from a global database, in terms of setup, management, and analysis. A global database poses challenges (e.g., language, cultural, time zone, regulatory) that must be taken into consideration in the planning process.
· Cost: The scope of a database will determine the cost of creating, managing, and analysing the database. Budgetary constraints must be carefully considered before moving from conception to reality. Additionally, the value of the information is a factor in the financial decisions. Certain choices in planning, such as building on existing infrastructure and/or linking to data sources relevant to the purposes of the database, may increase the net return.
· Richness of clinical data needed: In some situations, the outcome may be relatively simple to characterize (e.g., death). In other cases, the focus of interest may be a complex set of symptoms and measurements or may require specialized diagnostic testing or tissue. Some outcomes may require assessment by an independent third party. Depending on the objectives of the database, collection and storage of biological samples may be considered. The collection of bio samples itself is a rapidly evolving field, and database developers should consult both technical and legal sources regarding how to include bio samples in a database.

5. Deciding on a data management system 
Deciding on a data management system is an essential decision to make. In choosing a system consider the skills and support available. 
REDCap is a data management system that is commonly used within this institution. It has a site-based administrator, built-in tutoring videos and onsite training supported by the Clinical Research Centre (CRC) and Cancer Research Initiative (CRI)(3). Conveniently, REDCap has an inbuilt report builder, validation checks and automated back-ups syncing to Information Communication and Technology Servers (ICTS). This system has advanced features in project design, data collection, management and data validation. 
6. Develop a study plan or protocol
The study plan documents the objectives of the database and describes how those objectives will be achieved. At a minimum, the study plan should include the database objectives, the eligibility criteria for participants, the data collection and validation procedures, steps to be taken to assure data quality, governance procedures, and plans for complying with ethical obligations and protecting patient privacy.
7. Ethical principles and procedures
Research ethical standards are mandated by National Health Act No. 61 of 2003(4), The National Health Research Ethic Council (NHREC) is mandated to regulate Research Ethics Committees (RECs) in South Africa. The main responsibility of a HREC is to conduct rigorous ethical review of research proposals to ensure that the welfare and interest of participants are protected and that the research will be conducted in accordance with required ethical norms and standards. HRECs protect the interest of research participants and promote development of high quality knowledge that may benefit future generations. Ethical principles are articulated in the Ethical and Regulatory requirement guidelines and standard operational procedures developed by the FHS HREC(5). The core ethical principles include but are not limited to – Respect, scientific integrity, justice and beneficence. These principles apply to all forms of research that involve living persons. Research teams within the FHS must ensure that;

· HREC approval for the cancer database is sought prior to data collection when setting up
· All proposals using data from the database receive HREC approval separate from the HREC database approval.
8. Develop standard operational procedures
A Standard Operating Procedure (SOP) is a set of written instructions that document routine or repetitive activities to be followed. 
Database teams need to develop SOPs for secure collection, receipt, storage, and sharing of data. The development and use of SOPs are an integral part of a successful quality system as it provides individuals with information to perform a job properly and facilitates consistency and continuity in the quality and integrity of a product or end-result. SOPs detail regularly recurring work processes that are to be conducted or followed within a team; and document how activities are to be performed to facilitate consistent conformance to technical and quality system requirements and to support data quality. SOPs may describe, for example, fundamental programmatic actions and technical actions such as analytical processes, and processes for maintaining, calibrating, and using equipment, data collection and management. SOPs are intended to be specific to the database whose activities are described and assist that database team to maintain their quality control and quality assurance processes and ensure compliance with ethics. E.g.:

· SOP on data entry
· SOP on data validation 
· SOP on data quality management
· SOP on data exporting and reporting
                                                                         (see appendix A: SOP Template)  
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