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INTRODUCTION

In the last years, the popularization of the computers,
the increasing access to the Internet, the generation
of an astronomic amount of data, actively or passively
originated have contributed for the exponential
appearance of big databases, the Big Data. They elicit a
new challenge which is to identify manners of obtaining
and extracting information efficiently and take advantage
of the opportunities offered by technological progress'.
Etymologically speaking, the information are originated
from data collection, which, on its turn, constitute the
base of the knowledge. However, is increasingly difficult
to separate data from information since, most of the times,
they are interchangeable?.

The term Big Data was used for the first time by
Michael Cox and David Ellsworth, scientists of the
National Aeronautics and Space Administration (NASA),
in an article written in 1997, exposing the difficulty of
working with very large set of data®. Although there are
innumerous definitions of Big Data, what steers us to
the reasoning that none of them is satisfactory per se,
in general, the term has been used when three Vs are
present: volume, variety and velocity. These three Vs
initially proposed by Laney*, have been widely accepted
as the main dimensions connected to Big Data. Later,
some Vs were added: veracity, versatility and viability
and the combination of all Vs would generate value'>*.
However, the pursue for Vs has not stopped, and Shafer”
has recently suggested 42 Vs.

Berman (apud Jackson®) proposes that what
distinguishes Big Data from Small Data is that the
latter are contained in only one computer inside one
organization, are generally well structured and formatted
(for example, in spreadsheets) and its collection usually

meets a specific goal. The Big Data, not rarely, are
distributed through several Internet servers, can be
structured or not (for example, free text, images, videos,
audios), coming from several sources and generated by
many persons, not being designed for a specific purpose
of a certain study®.

In regard to the generation of health data, Herland
et al.” suggest that the use of Big Data should consider
two levels: the research question and data collection.
The epidemiologic questions, for example, must rely on
populational data; the clinical questions must rely on
molecular data (as, for instance, the use of data of genic
expression to make clinical predictions or subtypes of
cancer obtained by anatomopathological exams or yet
the use of messages to help patients to obtain medical
information), or data collected directly from the patients
(for instance, predictive models to identify prognostic
factors); on its turn, questions related to human biology
can make use of tissue data (lab or imaging exams). In
relation to data collection, ideally, it should be considered
all the possible sources for its collection. The most used
methods in this phase are files, Web trackers and network
monitoring software. Next, the data must be processed and
stored. In case of data from different sources, they should
be primarily integrated and, moving forward, examined
for accuracy, completeness and consistency. For its
analysis, the metrics, algorithms and forms of visualization
must be defined. One of the greatest challenges has been
to identify tools that support its storage and management
(as, for example: Hadoop Distributed File System
— HDFS), volume (Oracle NoSQL, Apache HBase,
Apache Cassandra, Apache Hive), processing capacity
(MapReduce, Apache Hadoop), capacity of integration
(Oracle Big Data Connectors, Oracle Data Integrator)
and capacity of statistical analysis (R and Oracle R
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Enterprise). Finally, based in the results, decisions can be
taken to reinforce positive behaviors or change undesired
behaviors'.

BIG DATA AND CANCER

Several authors have been utilizing the Big Data
to respond to specific questions about cancer. Meyer
et al.'’ propose the use of Big Data for the research of
populational base in cancer and quote several authors
that have used The Integrated Cancer Information and
Surveillance System — ICISS of North Carolina, USA
and the health insurance system Medicare. These authors
empbhasize, for example, the article of Wheeler et al." that
discusses the inequalities of the utilization of radiotherapy
after conservative surgery in low-income women with
breast cancer in initial stage. In this study, only 75%
of the women initiated radiotherapy within six months
after the diagnosis of breast cancer and, although the
offer of radiotherapy have improved during the years, its
beginning within one year was more frequent in patients
with less comorbidities and in chemotherapy. The study
of Holmes et al.'? also presented by Meyer etal.'?, showed
that patients who lived farther away from the urologist
were more prone to be diagnosed with high risk prostate
cancer. The authors emphasize that, disproportionally, the
distance impacted more negatively African-descendants
than Caucasian men: among those who lived more than 32
km away from the closest urologist, 49% of the Caucasian
patients and 79% of the African-descendant patients were
diagnosed with disease of high risk.

In an article about the use of Big Data to evaluate the
quality of care in oncology, Broughman et. al." propose
that, to be considered of high quality, the services must
be safe, effective, patient focused, timely, efficient and
equitable. The authors cite 26 studies that utilize the
data of The Surveillance, Epidemiology, and End Results
- SEER of the USA National Institute of Cancer and the
National Cancer Database — NCDB with that finality.
In these studies, the number of patients varied between
1,962 and 2,342,558, being highlighted, for instance,
the study of Fedewa et al.!4, that analyzed 312,339 men
for prostate cancer severity at the diagnosis. African
American, Hispanic and Asian patients, in comparison
with Caucasian and those uninsured and beneficiary
of federal and state social programs with medical costs
covered for individuals with limited resources and income
(Medicaid), in comparison with private insured patients,
were more prone to present more aggressive disease at the
diagnosis. Similarly, they quote the study elaborated by
Gross et al.””, with data from SEER and Medicare to show
that African American patients versus Caucasian had less
likelihood of receiving treatment for lung cancer (surgery)

Revista Brasileira de Cancerologia 2019; 65(4): e-03718

breast (radiotherapy), colon (adjuvant therapy) and
prostate (prostatectomy, brachytherapy or radiotherapy).

The major European public-private initiative,
The Innovative Medicines Initiative 2 - IMI2, a joint
undertaking between the European Union and the
European Federation of Pharmaceutical Industries and
Associations — EFPIA, launched recently the program
Big Data for Better Outcomes - BD4BO. The program
aims to catalyze and support the evolution of outcome-
driven sustainable healthcare systems. In cancer, the main
goal is to increase the body of evidences to improve the
outcomes. Through epidemiologic, clinical, economic
measures (Patient Reported Outcomes — PRO) it will be
analyzed the predictive factors of complications and risk
of development of adverse events through all the stages
of the disease'®.

BIG DATA AND CANCER IN BRAZIL

In Brazil, the information about cancer have been
obtained from different sources according to its specificity.

'The System of Information about Mortality (SIM) has
available data about deaths by all causes, including cancer
since 1979 and has been widely utilized, particularly to
analyze the trends of mortality by different types of cancer
in the country. Based in these data, indicators and rates of
mortality by cancer in Brazil are provided by the National
Institute of Cancer José Alencar Gomes da Silva (INCA)"
as tables, graphs, and maps in the Mortality Online Adlas.

Data about the incidence of cancer can be obtained
from the Population-Based Cancer Registries (PBCR)
that has the objective of collecting data about all the
cancer incident cases residing in a limited geographic
area occurred in a certain period. The first PBCR were
implemented in Recife (1967) and in Sao Paulo (1969)'8.
Currently, there are more than 20 PBCR in activity with
at least five years of consolidated information, covering
nearly % of the population of the country”’. Its data have
been utilized in the analysis of the incidence of several
types of cancer and in specific populations.

On its turn, the Hospital-based Cancer Registry
(HBCR) concentrate data of the patients enrolled in only
one hospital, being useful to evaluate the quality of the
care provided. In Brazil, the first HBCR was created in
1982 in INCA, initiating data collection from January
1983". Currently, a data tabulator (Integrador RHC)
offers at the Internet an assemblage of more than three
million cases of cancer, covering the 27 Federation Units.
The data concentrate between 2000 and 2017 (99.9% of
the cases) and come from more than 330 hospitals, with
number of cases per hospital varying from 17 to 158,516
(data updated on October 29, 2019). Several studies
have utilized the data of Integrador RHC to respond to



questions involving since the risk factors for cancer until
its treatment and outcomes.

Information about cytopathological,
anatomopathological and mammographies performed
by the Public Health Care System (SUS) are available by
the Cervical Cancer Information (SISCOLO) and by the
Breast Cancer Control Information System (SISMAMA),
respectively. The data of SISCOLO and SISMAMA,
joined recently in SISCAM have been used to monitor
the guidelines, objectives, goals and municipal, state,
regional and national indicators of SUS agreed upon in
the tripartite inter-management commisssion®. The two
specific indicators for cancer are the ratio between the
number of cytopathological exams of the cervix in women
from 25 to 64 years old and the population of the same
age range, and the ratio between the number of exams of
screening mammography made in women from 50 to 69
years old and the population of the same age range. The
edition of 2015 (last available in October 2019) presents
a historical series from 2008 to 2015, allowing to follow
the trend of each indicator in the territory analyzed.

There are still the unspecified databases for cancer, kept
by the Ministry of Health, as, for example, the Live Birth
Information System (SISNAC), the Notifiable Diseases
Information System (SINAN), the Primary Healthcare
Information System (SIAB), the Outpatient Information
System (SIA), the Hospital Information System (SIH), the
High Complexity Procedures Authorization (APAC) and
the databases of investigation and researches available at
the website of the Information Technology Department
of the Public Health Care System (DATASUS) and that
can be useful according to the object of the study.

Although these databases do not necessarily meet
all the desirable dimensions of the Big Data as velocity
(some data are provided between one and three years after
its occurrence), other characteristics as volume, veracity,
versatility, viability, overall, are present.

EXAMPLES OF THE USE OF BIG DATA IN CANCER IN BRAZIL

In a pioneer study with “Integrador RHC”, Thuler
et al.?, after analyzing 77,317 cases of cervical cancer,
indicated the elevated percent of cases whose diagnosis
occurred when the disease was already in advanced stage.
More than 1/3 of the cases presented in stages 11 and IV
at the moment of the diagnosis. The authors emphasize yet
that the percent of the cases with advanced stage increased
from 32.8% to 35.5% between the first (2000-2004)
and the second (2005-2009) quinquennium analyzed. In
another study, also with data of “Integrador RHC”, this
time involving 59,317 women with breast cancer, Abrahao
etal.” identified factors associated to the diagnosis in stage
>[IB. The adjusted analysis showed that <50 years old,
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low education and living in the country’s poorest regions
were associated to advanced disease at the moment of
the diagnosis.

The incidence and the mortality of lung cancer between
2000 and 2014 were analyzed from three databases:
PBCR, “Integrador RHC” and SIM, respectively. Costa et
al.?* showed that, while the incidence rates of mortality
by lung cancer dropped for males, they increased for
females. They draw attention for the reduction of the
ratio man:woman during the period. Using the same
databases, Melo et al.” performed the biggest study ever
made in Brazil about cutaneous melanoma. They verified
that the increase of the incidence rates observed for both
genders in the period was followed by rates of mortality
practically stable, indicating possible improvements in the
diagnosis and treatment of the cases. Still, they highlighted
the fact that nearly half of the patients had the diagnosis
in advanced stages of the disease.

The big national databases have also been used to
respond to frequent questions about child and youth
cancer. In a study with the objective of analyzing the
trends of cervical cancer in adolescents and young
women (15 to 29 years), Viana et al.?® utilized data of
21 PBCR and concluded that, in Brazil, the incidence
rates are elevated and are growing or stable for the most
part of the PBCR, showing the necessity of mandatory
interventions targeted to the prevention and control of
the disease in this specific age range. Additionally, Reis
et al.”” utilized data of 12 PBCR to analyze the risk of
developing leukemias in early childhood (children <5
years old). When proposing a cohort-case study, 272
patients with leukemia were compared to 1,088 controls
identified from the database of SISNAC in the same age
range, location and period (2000-2009). It was observed
in children with congenital mal formation and in those
whose mothers worked exposed to chemical products
(agriculture, chemical and petrochemical industry), higher
risk of developing leukemia.

The standard of cervical abnormalities in the State of
Maranhio was analyzed by Pinho-Franca et al.?® with data
from SISCOLOQ. The evaluation of the results of cervical
cytology of 1,363,689 women examined between 2007
and 2012 revealed that as worst the Human Development
Index (HDI) of the municipality where the woman lives,
higher is the risk of presenting high-grade squamous
intraepithelial injury or cervical cancer. The authors
emphasized that, to control the disease, it is necessary to
reduce social inequalities and improve the offer of health
services. In the other hand, analyzing the association of
HDI and the stage of cervical cancer at the diagnosis,
Vale et al.”” showed that, from 51,158 cases registered in
“Integrador RHC”, there is a reverse correlation between
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HDI of the city where the woman lives and the stage of
the disease. The authors draw attention for the elevated
percent of cases diagnosed in advanced stages and
indicated the necessity of regional strategies that improve
the efficiency of the interventions targeted to cancer in
countries with great socioeconomic disparities as Brazil.
When Law number 13,685%° came into force on
December 24, 2018, the notification of neoplasms-associated
diseases, injuries and events attended in public and private
health facilities started to be mandatory; this disposition
widened the perspectives of having complete cancer data in
the country. However, this law still needs to be regulated.

CHALLENGES AND OPPORTUNITIES OF USING BIG DATA IN
POPULATIONAL STUDIES ABOUT CANCER

Although it is envisaged a huge potential of utilization
of Big Data in the health area, there are peculiarities to be
considered. The interpretation of the results of statistical
tests with great volumes of data must be cautious as
the likelihood of identifying associations as statistically
significant increases, but that, often, cannot be defined
as causal or clinically important associations®*2. On
the other hand, the quantity of existing variables in
the databases widens the odds of identifying spurious
associations obtained from disassociated analyzes from
logical and/or theoretical models. It is being recommended
as strategies to avoid to perform tests of hypothesis for all
the variables available, limiting only to those for which
there is theoretical substantiation, using strategies to
reduce the occurrence of error type I (when the result
of the test has statistical significance, but, actually
its occurrence happened haphazardly) as the test of
Bonferroni, the correction of Bonferroni and the control
of the false discoveries rates through the procedures of
Benjamini-Hochberg?*. Other issues that cannot be left
apart address the validity of the construct and reliability™.
In this direction, further to the necessary dimensions
of the Big Data more frequently described as velocity,
volume, variety, veracity, versatility, viability, it is necessary
the V of validity proposed by Normandeau®. It is worth
mentioning that, once utilized with finality of research,
the Big Data are not exempt from complying with the
ethical demands of researches involving human subjects,
beings, being necessary to ensure privacy, confidentiality,
safety and integrity of the data*".

CONCLUSION

In this context, considered the possibilities of using
the Big Data in populational researches about cancer, it is
essential to grant utility and visibility to data about cancer
offered by public agencies.
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