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Introduction
Cervical cancer is the fourth most common cancer 

among women worldwide. There are approximately 
288,000 cases of deaths annually. The majority of these 
cases (80%) occur in low-income countries (World…, 
2016). During the past 30 years, cervical cancer mortality 

rates have fallen in the majority of the developed countries 
due to screening and treatment programs. However, these 
rates have risen or remained unchanged in the majority 
of the developing countries, where there is limited 
access to health services, lack of awareness and absence 
of screening and treatment programs (World…, 2016).

In Brazil, cervical cancer is the third most common 
cancer among Brazilian women. According to the 
Brazilian National Cancer Institute, there were an 
estimated 16,340 new cases of cervical cancer in Brazil 
in the year 2016 (Brasil, 2015a). The Brazilian National 
Program Against Cervical Cancer was established in 
1998 with the objective of reducing the mortality rates 
from this cancer (Brasil, 2015b). Despite the existence 
of the program, there is still a huge variation in the 
mortality rates among the Brazilian states and even among 
the municipalities of the same state. For instance, the 
mortality rates in two municipalities of the state of Rio 
de Janeiro, Angra dos Reis and Itaguai, are respectively, 
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1.13 and 10.58  per  100,000 women (Brasil, 2016a). 
In order to monitor these actions, the Brazilian Ministry 
of Health created the Cervical Cancer Information System 
(SISCOLO, in Portuguese), which provides information 
related to the cytopathology and histopathology tests 
performed by the Brazilian Public Healthcare System 
at the three levels of management (federal, state and 
municipal).

The data from SISCOLO is used to construct a 
series of performance indicators, which are used in the 
management and monitoring of the program actions 
(Brasil, 2013). The indicators may be divided into two 
groups: those based on the performed tests (test-based 
indicators) and those based on the follow-up of women 
(woman-based indicators).

Although the SISCOLO database has data that allows 
the construction of both types of indicators, the majority 
of the constructed indicators are test-based (Feitosa and 
Almeida, 2007; Thuler et al., 2007). Few studies used 
the woman-based indicators for the evaluation of the 
Brazilian screening program (Bastos, 2011; Girianelli et al., 
2009). This difficulty arises because SISCOLO uses the 
test rather than the woman as a unit of observation, and 
there is no unique woman identifier that could be used 
to link all tests performed on the same woman.

In addition, the Brazilian Ministry of Health provides 
some tools for the visualization of the performance 
indicators. The most used is TabNet (Brasil, 2008a), 
an online tool which permits the user to make a cross 
tabulation in order to visualize a set of test-based indicators 
related to the quality of the specimens, Papanicolaou 
(Pap) and histopathology tests. Other two online tools 
are the Cervical Cancer Indicators Dashboard (Brasil, 
2017a) and Support Room for Strategic Management 
(SAGE in Portuguese) (Brasil, 2017b), provided by the 
Brazilian National Cancer Institute and the Brazilian 
Ministry of Health, respectively. Both tools visualize 
a limited number of indicators (two in SAGE and five 
in the Indicators Panel) through a limited number of 
dimensions. These tools do not enable the monitoring 
of the indicators in both primary healthcare units and 
laboratories. In addition, the visualized indicators are 
not regularly updated. A standalone tool called TabWin 
(Tabulation for Windows) (Brasil, 2008b) has statistical 
functionalities, but it requires the downloading of the 
monthly SISCOLO files and the indicators must be 
manually configured. The limitations of these tools 
are some of the obstacles in the management of the 
screening program, which could reduce its effectiveness 
(World…, 2013a).

The objective of this work was to develop a 
user‑friendly decision-support tool for the construction 
and visualization of test and woman-based indicators 
of the Brazilian Cervical Cancer Screening Program.

Methods

Cervical screening process in Brazil
The type of cervical screening performed in Brazil is 

an opportunistic one, in which women spontaneously seek 
health services in a primary healthcare unit especially for 
maternal and child care (Brasil, 2015b). In the primary 
healthcare unit, a specimen of the cervical-vaginal 
material is collected and fixed on a slide. The slide is 
sent to the laboratory along with a requisition form filled 
with information about the primary healthcare unit, the 
woman’s personal and socio-demographic information, 
as well as her clinical status. In the laboratory, an initial 
assessment is made to decide whether to accept or 
reject the slide. If the slide is accepted, an assessment 
is performed in order to determine the adequacy of the 
specimen, and only satisfactory specimens are subjected 
to cytopathological analysis. During the cytopathological 
assessment, all the specimens are analyzed to check 
the existence of epithelia of a cervix area called the 
Transformation Zone (TZ), since the majority of the 
cancer precursor lesions appear in this area (Clark et al., 
2012; International…, 2005). The results of the Pap test 
and the information of the laboratory are filled in the 
same form that is sent along with the slides. In case of the 
cytopathological results with high-risk atypical findings, 
a colposcopy procedure is recommended. During the 
colposcopy, if necessary, a biopsy is taken in order to 
perform a confirmatory histopathological test (Brasil, 
2011; Sellors and Sankaranarayanan, 2003).

Indicators selection
The first step in the development of the proposed 

decision-support tool was the selection of the performance 
indicators to be obtained from the tool.

A health indicator is a single measurement that is 
reported on regularly and that provides relevant and 
actionable information about population health and/or 
health system performance and characteristics. An indicator 
can provide comparable information, as well as track 
progress and performance over time (Canadian…, 
2017). In this study, we will consider as an indicator 
any quantity that could be measured in order to help the 
management of healthcare actions.

A review of the literature was made in order to 
identify the performance indicators used around the 
world (Ahmed and Almeida, 2014). The selected set of 
indicators was classified into two main classes: test‑based 
and woman‑based, and then each class was divided into 
groups. The woman-based indicators will be called 
follow-up indicators from now on. The majority of the 
follow-up indicators were identified in the work of Bastos 
(2011) based on the Brazilian Guidelines for Cervical 
Cancer Screening for the year 2006 (Brasil, 2006a).
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Test-based indicators’ class

•	 Adequacy of specimens/slides: Indicators related 
to the adequacy of the specimens/slides, as well 
as the presence of material of the transformation 
zone in the specimens;

•	 Pap test: Indicators related to the results of the 
Pap test;

•	 Histopathology test: Indicators related to the 
results of the histopathology test.

Follow-up indicators’ class

•	 Participation: Indicators related to the participation 
of women in the program (within the recommended 
age of the program);

•	 Indicators related to the follow-up of 11 groups 
of women according to the results of the first 
Pap test and the recommended approaches of 
the Brazilian Guidelines for Cervical Cancer 
Screening for the year 2016 (Brasil, 2016b).

Although the SISCOLO data was collected before 
the year 2016, the indicators were calculated according 
to the approach used in the year 2016, considering that 
the proposed tool should be updated to meet recent 
and future management needs. Two main steps were 
performed, which were the analysis and simplification of 
the recommended clinical approaches, and the formulation 
of the algorithms for the indicators’ calculation.

Analysis and simplification of the 
recommended clinical approaches

In this step, all the recommended clinical approaches 
of the Brazilian Guidelines for Cervical Cancer Screening 
(Brasil, 2016b) were analysed with the aid of a specialist 
in cytopathology, and another with experience in the 
Coordination of the Prevention and Early Detection of 
Cervical Cancer Program. After the analysis, the clinical 
approaches were simplified according to the available 
data in SISCOLO, and then the flow diagrams of the 
simplified approaches were drawn. In order to perform 
the simplification of the approaches, the following 
considerations were taken into account:

•	 Due to the absence of information on women’s 
tests before the year 2012, the first appearance 
of a specific woman in the SISCOLO data in the 
observation period was considered as the first 
test for that woman;

•	 In the case of a woman with more than one 
result in the same test, the more severe result 
was considered (e.g., if a woman had a result 
of atypical squamous cells of undetermined 

significance (ASC-US) and high-grade squamous 
intraepithelial lesion (HSIL) in the same test, the 
result of HSIL was considered;

•	 The results of the colposcopy exam were not 
considered for the following reasons:

−	 Absence of information about the colposcopy 
exam for 93.9% of the women who underwent 
a Pap test and their clinical recommendation 
to undergo a colposcopy exam;

−	 According to the guidelines of the year 
2016, the results of the colposcopy exam 
were based on the field information in the 
updated acquisition form. This information 
is not available in the SISCOLO data in the 
observation period (2012-2014);

−	 Due to the dismissal of the colposcopy results, 
if a woman had undergone a histopathology 
test after the first one, the histopathology test 
was selected. If the next test was a Pap test, 
this test was chosen.

•	 The time interval between tests was calculated 
by the difference between the release date of 
the test result and the collection date of the 
next specimen/biopsy. Each group of women 
was followed either until the third test or until 
the recommendation of the clinical approach 
oriented the woman either to undergo a specific 
procedure (such as excision of the TZ), or to go to 
a treatment unit, or to switch to another specific 
approach. An example of switching to another 
specific approach would be a woman with initial 
Pap test results of atypical glandular cells (AGC). 
If the result of the following histopathological 
test was cancer, then the woman should follow 
the specific conduct of women with initial results 
of cancer;

•	 The women whose recommended approach was 
to perform a Pap test within six months were 
followed until the fourth test;

•	 In the cases when the guidelines did not make a 
clear recommendation for a specific condition, 
the recommendation adopted was related to the 
most similar condition considering the level of 
severity of the case;

•	 The women who were missed or not followed‑up 
were considered to be those women who did not 
have another test in the SISCOLO during the 
period of observation;

•	 The women without a result for the histopathological 
test were classified into a separate group.
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Considering the initial recommended clinical approach 
for each test result, and the SISCOLO data of the 
observation period, the year of the first test (entry year) 
was defined. As an example, the entry year of women 
with an initial recommended clinical approach of having 
a Pap test within 3 years was defined to be the year 2012, 
since the observation period (3 years) does not permit the 
follow-up of the women who entered in 2013 and 2014. 
Taking into account the above-mentioned consideration, 
11 follow-up groups of women were formed. Table 1 
shows each group and its corresponding entry year.

Modeling and implementation of the 
decision‑support tool

The decision-support tool (AD-SISCOLO) is based 
on a data warehouse (DW), which is commonly used 
for preparing and displaying the information in a user 
friendly and easily, accessible way that enables the user 
to make better and faster decisions (Kimball and Ross, 
2011). The AD-SISCOLO was implemented following 
Kimball’s dimensional model, where there are one or 
more central tables, called fact tables, which contain the 
process metrics (facts) and are linked to other tables, 
called dimensional tables, which give a context to the 
facts (Kimball and Ross, 2011).

AD-SISCOLO was developed in three steps, which 
are detailed below: Dimensional Modeling; Extract, 
Transform and Load; and Data Visualization.

Dimensional modeling
The dimensional model was created through the 

MySQL workbench, which is a visual tool for modeling 
databases and managing MySQL servers (Oracle…, 2016a). 
The model consisted of one fact table, which contains the 

facts related to the selected groups of indicators. The fact 
table is surrounded by five dimensional tables, which 
represent: the test date; the municipality of residence of 
the screened women; the primary healthcare unit where 
the specimens were collected; the laboratory in which 
the specimens were analyzed; and the age group of the 
women at the time of the specimen’s collection. These 
five dimensions were selected because they enable the 
managers to continuously monitor and evaluate all 
the phases of the screening process. In addition, they 
enable the browsing of the indicators from different 
views, which could enhance the decision-making 
process. This dimensional model was used to create the 
corresponding database in the MySQL Server. Table 2 
shows the attributes of each dimension.

Extract, transform and load (ETL) process

The ETL process is a typical process in a data 
warehouse that extracts data from different sources, 
processes them and loads the transformed data into 
the data warehouse tables. In this study, the data were 
provided by the following sources:

•	 The database of the National Cervical Cancer 
Information System (SISCOLO) for the 
municipality of Rio de Janeiro, from January 
2012 to December 2014;

•	 The auxiliary files containing data for the attributes 
of the primary healthcare unit, municipality and 
laboratory dimensions were obtained from the 
Brazilian Ministry of Health, and the National 
Register of Health Facilities home pages (Brasil, 
2015c; 2015d);

Table 1. The 11 follow-up groups of women according to the initial Pap test result, age, the corresponding initial clinical approach, and entry year 
in the database.

Groups Initial clinical approach Entry 
year

Without abnormal results
Repeat Pap test in 3 years 2012ASC-US - atypical squamous cells of undetermined significance (< 25 years) or  

LSIL - low-grade squamous intraepithelial lesion (< 25 years)
ASC-US (between 25 and 29 years) and without abnormal results Repeat Pap test in 12 months 2012

2013ASC-US (≥ 30 years) and LSIL (≥ 25 years) Repeat Pap test in 6 months*
ASC-H (high-grade intraepithelial lesions)

Perform colposcopy exam
2012
2013
2014**

AOI (atypical cells of indeterminate origin)
AGC (atypical glandular cells)
HSIL- high-grade squamous intraepithelial lesion (≥ 25 years)
HSIL (≤ 24 years)
High-grade intraepithelial lesions, cannot exclude micro-invasion and squamous cell 
carcinoma
Adenocarcinoma in situ (AIS) or invasive
*2014 was not considered as an entry year in this case for two reasons: 1) only women who had the pap test performed in the first six months of 2014 would 
be eligible to be included; 2) although the recommended approach is to repeat pap test in 6 months, usually the interval is more than that; **For the women 
who performed the first test in 2014, it is necessary to have at least another cytopathological or histopathological test in the database.
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•	 The data for the time and age group dimensions 
were obtained from the transformation of the 
corresponding variables in the SISCOLO database.

Although this study uses the SISCOLO data from 
the municipality of Rio de Janeiro, the municipality of 
residence dimension was included in the dimensional model 
because many women were from other municipalities, and 
some primary healthcare units from other municipalities 
sent their specimens to be analyzed in the municipality 
of Rio de Janeiro.

The fact table contains keys to the dimensional tables 
as well as the measurable facts that managers would want 
to examine. The selected indicators are either the facts 
or are calculated as percentages or ratios of the relevant 
facts. For example, the indicator “Percentage of exams 
with squamous cell carcinoma” is calculated through the 
division of the fact “total number of exams with result 
squamous cell carcinoma” by the fact “total number of 
slides with satisfactory specimens, multiplied by 100.

In the ETL process, the monthly archives of SISCOLO 
data in the Data Base File format (DBF) were imported 
to the MySQL database manager (Oracle…, 2016b) 
and consolidated into two tables: one called citologico 
(1,093,904 records) and another called histologico 
(4,303 records), which contain respectively the results 
of the cytopathology and the histopathology tests of the 
women. A tool called Pentaho Data Integration (PDI) was 
used to extract data from the auxiliary files, transform 
it and feed the data warehouse, by means of a series of 
scripts that generate the dimensional tables. PDI is one 
of the tools offered by the Pentaho Business Analytics 
Platform (PBAP) platform community edition version 
6.1.0.1-196 (Pentaho…, 2017). PBAP is a JAVA-based 
suite of open source Business Intelligence products, 
which provides data integration, ETL capabilities, online 
analytical processing services, reporting, dashboarding 
and data mining.

ETL of the follow-up indicators

The construction of the follow-up indicators required 
changing the observation unit in SISCOLO from the test 
to the woman, in order to identify all the tests performed 

on each woman who accessed the program. In order to 
change the observation unit, the literature indicates the use 
of a record linkage methodology, which aims at bringing 
together information from two different records that are 
believed to belong to the same person, family or entity 
(Fellegi and Sunter, 1969). There are two types of record 
linkage, deterministic and probabilistic. Deterministic 
record linkage is used when the entities to be linked are 
identified by a unique identifier (e.g. National Insurance 
Number), or when there are several representative 
identifiers whose quality of data is relatively high. 
The probabilistic record linkage is used when there are 
no common identifiers that deterministically classify a 
link as true or false, which is the case of the SISCOLO 
database. Both the citologico and histologico tables were 
submitted to a probabilistic record linkage process in 
order to identify all records in both tables belonging to 
the same woman. In this way, each woman received a 
unique identifier, and all tests performed on the same 
woman were associated to her identifier. The record 
linkage process followed the same methodology as 
explained in Freire et al. (2012).

After the linkage process, the citologico and 
histologico tables were modified through the creation 
and population of all required variables for the follow‑up 
process. Those variables were created according to the 
simplified flow diagrams for each group in Table  1. 
The created algorithms for all the 11 groups of follow-up 
indicators were translated into a JAVA program which 
was executed in order to load the fact table.

Data visualization
The most popular way of organizing the facts 

according to the dimensions is a data cube. The data 
cube is a pictorial representation for a fact of interest 
in the n-dimensional space where the dimensions are 
represented along the axes of the cube and the measures 
are shown in each point in the cube. The cubes were 
generated through the Pentaho Schema Workbench, version 
3.10.0 (Hitachi…, 2015) and are visualized through the 
Saiku Analytics plugin, version 3.8.8 (Meteorite.bi…, 
2016). It provides the end-user with a simple interface, 
which only requires basic computer skills. The graphical 

Table 2. Attributes of the dimensions of the DW model.

Dimension Attributes
Time Year and month of the test
Municipality Name, code, name of the health region, code of the health region, and code of the federal unit
Primary healthcare 
unit

Name, CNES*, name of the municipality, code of the municipality, name of the health region, code of the 
health region, and code of the federal unit

Laboratory Name, CNES, CNPJ**, name of the municipality, code of the municipality, name of the health region, code 
of the health region, and code of the federal unit

Age group Age group of the woman
* National Register of Health Facilities (CNES, in Portuguese); **National Register of Legal Entities (CNPJ, in Portuguese).
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user interface (GUI) is equipped with standard security, 
where the user has to log in and there is an option to 
define various roles to control the access to the tool. 
After logging in, the GUI provides interactive features 
to perform the decision-support queries that managers 
normally need to address. Such features involve the drill 
down, roll up and slicing and dicing of data. The GUI 
permits the visualization of the indicators in terms of a 
cross-table that displays a distribution of the values of 
the indicator(s) on one or more dimensions. In addition, 
it offers a set of about 20 different graphs and tools for 
basic descriptive statistics. The results of the queries 
can be saved in different file formats such as PDF, CSV, 
XLS and others.

Preparation of the pre-defined reports

In order to visualize the follow-up indicators, another 
tool of PBIS called Pentaho Report Designer (PRD) 
(Hitachi…,  2017), version 5.4.1.0.130, was used to 
create the pre-defined reports. The PRD reports were 
prepared in a way that made it easy for the manager to 
monitor the main follow-up indicators. The simplified 
flow diagrams for the groups of Table 1 in the section 
“Analysis and simplification of the recommended clinical 
approaches” were used to design simple, compact 
diagrams for the visualization of the indicators.

The project’s home page (Ahmed  et  al., 2017) 
contains more information about AD-SISCOLO, such 
as: the AD-SISCOLO model along its data dictionary; 
the list of indicators available in the cubes generated 
through the Pentaho Schema Workbench; a tutorial on 
how to query the cubes and see the designed reports in 
the Pentaho User Console; and instructions on how to 
generate and install a similar AD-SISCOLO after having 
performed a record linkage of the tables of SISCOLO.

Ethics statement

This study was approved by the Research Ethics 
Committees of: 1) Hospital Universitário Clementino Fraga 
Filho of Universidade Federal do Rio de Janeiro/Brazil 
(CEP/HCFF-UFRJ – CAAE: 39106514.0.0000.5257); 
2) Municipal Secretary of Health of Rio de Janeiro/Brazil 
(CEP/SMS-RJ – CAAE: 39106514.0.3001.5279). Given 
the size of the dataset used in this study and the fact 
that the data is retrospective, the ability to give consent 
was not feasible for all patients. For the purposes of this 
study, the information about the patients was anonymized 
and de-identified prior to analysis, through the removal 
from the database of all detailed identifying personal and 
demographic data of patients and health professionals. 
In addition, the computer used for handling the data 
was not connected to the network and used only by 
authorized persons.

Results
The AD-SISCOLO dimensional model is shown 

in Figure 1, with the fact table (fatos) connected to the 
dimensional tables (tempo - time, municipio_residencia - 
municipality, u_coleta - primary healthcare unit, laboratorio, 
and faixa_etaria – age-group) through the foreign keys 
(id_tempo, municipio_residencia, id_u_coleta, cnes, 
and faixa_etaria) respectively. In addition to the foreign 
keys, the fact table contains the measured facts. As an 
example, the first three facts are norm, asc_us and lsil, 
which represent the number of cytopatological tests with 
normal results, atypical squamous cells of undetermined 
significance and low-grade squamous intraepithelial 
lesion respectively, for each combination of the primary 
key values of the dimensional tables.

The cubes and reports of AD-SISCOLO are accessed 
through the Pentaho User Console, a web interface of 
Pentaho Business Analytics Platform (Universidade…, 
2017). Basically, after logging into the Pentaho User 
Console, users can access the cubes via the Saiku Analytics 
plugin and then choose which cube they want to analyze, 
choose the metrics, the dimensions, and the respective 
levels in the hierarchy. The metrics are then shown in a 
tabular form in the graphical interface (Figure 2). It is 
also possible to display the results in a variety of charts, 
which are available in the Saiku plugin.

Through the entry screen of the Pentaho User 
Console, the pre-defined reports of the follow-up 
indicators (Figure 3) may be accessed. By clicking on 
the “Browse Files” button, a list of reports is presented 
and, after double clicking one of them, the respective 
report is shown, where the user may choose the period 
and municipality of reference.

Figure 4 shows a pre-defined report for the follow-up 
of women with the Pap test result of adenocarcinoma 
in situ or invasive adenocarcinoma.

Discussion
The AD-SISCOLO offers a visualization of a set of 

test-based and follow-up indicators from different views 
and dimensions. This multidimensional visualization 
of the indicators enables managers to easily monitor 
and evaluate all the phases of the screening process, 
and to identify the process’ failures (World…, 2002). 
This is corroborated by the International Agency for 
Research on Cancer that states that the integration of 
test-based and woman-based indicators is essential for 
the evaluation of the program’s overall effectiveness 
(International…, 2005). Several national and international 
studies and guidelines highlighted the essential role of 
those indicators in the detection and control of cancer 
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Figure 1. Dimensional model of the AD-SISCOLO.

Figure 2. Saiku Analytics GUI. This example shows the “% NIC III” (from the Histopatologic indicators’ cube) metric for the year 2012 and the 
laboratory name, municipality and state levels of the dimension Laboratorio.
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Figure 3. Steps to access and visualize a pre-defined report. A list of pre-defined reports is presented after clicking on the “Browse Files” button. 
After choosing one of the reports, it is shown on the screen and the user may then change the period and/or the municipality of reference.

Figure 4. Output screen for the follow-up indicators for women with initial Pap test results of adenocarcinoma in situ or invasive adenocarcinoma, 
in the municipality of Rio de Janeiro in the period 2012-2014.
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and cancer precursor lesions (Bastos, 2011; Feitosa and 
Almeida, 2007; Public…, 2009; The National…, 2013).

In addition, the methodology to obtain a number of 
folow-up indicators from the SISCOLO raw data and 
the Brazilian guidelines for cervical cancer screening 
and their visualization by groups of women, according 
to their test results and age, are the major contributions 
of this DW. These indicators are visualized in a compact 
diagram that follows the logic used in the follow-up 
diagrams of the Brazilian Guidelines for Cervical 
Cancer Screening (Brasil, 2016b). This follow-up 
should be performed systematically for all the women 
who enrolled in the program, not only for women with 
positive test results (World…, 2014). AD-SISCOLO 
does follow one of WHO recommendations (World…, 
2014) that states that, whenever possible, research 
should be focused on filling gaps in information based 
on the needs of the country, and should generate data 
to guide decision-making. To this end, AD-SISCOLO 
offers functions not available in the current Brazilian 
tools that are based on SISCOLO data (TabNet, TabWin, 
SAGE, Cervical Cancer Indicators Dashboard), namely: 
availability of follow-up indicators, based on the latest 
Brazilian guidelines, and OLAP tool features, such as 
drill down, roll up and slicing and dicing of data.

Cross-sectional Brazilian studies highlighted the 
importance of the indicators of the laboratories internal 
quality control in identifying any nonconformity from the 
moment the specimens arrive at the laboratory until the 
release of the results (Araujo et al., 2015; Tobias et al., 
2016). These indicators could be obtained from some 
tools provided by the Brazilian Ministry of Health 
(Brasil, 2008a; 2008b; 2017a; 2017b) indirectly, where 
the managers have to perform manual work in order to 
calculate them. On the other hand, the AD‑SISCOLO 
enables the user to directly obtain them, which reduces the 
managers’ effort and time as well as enables a systematic 
evaluation of the performance of the laboratories.

The literature describes tools to support clinical 
decision regarding the diagnosis or treatment of the 
premalignant and early stage malignant conditions, but 
is limited in the description of systems to support the 
screening actions (Agency…, 2013). A recent review 
of data and information systems for cervical cancer 
screening (Drummond  et  al., 2017) essentially lists 
recommendations for the development of such systems, 
such as: use of standards, minimum data sets, system 
integration, local and international collaboration, and 
avoidance of vertical systems for a single purpose. 
These recommendations have long been recognized by 
the health informatics community.

Although there are systems for cervical cancer 
screening, such as one developed in Argentina (World…, 
2013b), to the best of our knowledge, we do not know 

of any detailed description of or public access to the 
functionalities of such systems.

The exploratory analysis of the SISCOLO data 
shows that the percentages of completeness of the 
variables related to the women’s clinical information 
increased by approximately double compared with that 
observed in the study of Bastos (2011). In addition, 
comparing the findings of the follow-up indicators with 
those presented by Bastos (2011) for the State of Rio 
de Janeiro, it could be observed that 10% of the target 
population was screened annually, which was similar 
to that obtained in the State, and was a third of the 
goal established by the Brazilian Ministry of Health 
(Brasil, 2006b). This value could be partially explained 
by the fact that Rio de Janeiro is the municipality with 
53.6% of its population covered by private health plans 
(Agência…, 2015). The percentage of loss to follow-up 
for women eligible to repeat a Pap test in six months 
was 43.1% in the municipality of Rio de Janeiro and 
63.7% in the State of Rio de Janeiro. The average time 
to perform the test was similar, around 10 months, for 
both the municipality and the State. On the other hand, 
the average time to perform a histopathology test for the 
women with positive test results in the second Pap test 
was 6.5 months, which was longer than the 4 months 
observed for the State. The flow diagrams used in 
this study were based on the Brazilian Guidelines for 
Cervical Cancer Screening, updated in 2016. Therefore, 
the findings in this study should be interpreted with 
caution since the DW data set covers a period previous 
to 2016, when the clinical approaches for the problem 
was slightly different.

It is worth mentioning that the majority of women in 
the group without atypical findings in the first test had 
only one test in the period of observation, which is an 
expected situation, since the majority of these women 
were not undergoing the test for the first time and the 
interval for a second test is three years, which spans more 
than the observed period of time. There was a subgroup 
of women in this group who presented a second test 
with atypical findings with high risk for cancer or even 
cancer in an interval of 15 months. This is the type of 
finding which should be seen as an alert, since it is an 
unexpected situation considering the natural history of 
the disease (Forsmo et al., 1997).

In this work, the authors were allowed to use only 
the data for the municipality of Rio de Janeiro in the 
period from 2012 to 2014. In order to expand the use of 
the tool at the State or National level of management the 
SISCOLO data of the whole State/Country should be 
included. Considering this limitation, the analysis of the 
indicators for other municipalities should be considered 
with caution, since it reflects only the proportion of tests 
that are performed in Rio de Janeiro. In the same vein, 
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there is a need to complement the dataset in order to 
have a longer period of follow up. If the system were 
continuously updated, the entry year would not be as 
important as it is in this study because there would be a 
period of time that would provide a more representative 
picture of the cervical cancer screening status.

AD-SISCOLO is not difficult to install and run, but 
it requires an information technology (IT) technical staff 
to keep it running. However the update of AD-SISCOLO 
with new data requires, besides the permission to the 
data access, that a new record linkage and the population 
of the database be performed, which are also activities 
that demand the support of an IT technical staff.

AD-SISCOLO provides flexible visualization 
features for both test-based and follow-up indicators 
that overcomes some of the limitations of the current 
tools provided by the Brazilian Ministry of Health. 
The DW offers an aggregated view of the follow-up 
process by groups of clinical recommendations, which 
makes it a valuable complement for the other tools that 
focus on the individual follow-up of women with atypia. 
AD‑SISCOLO may be seen as a decision support tool 
for managers since it increases their capacity to monitor, 
evaluate, control and plan the program actions by means 
of new and accessible indicators.
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