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INTRODUCTION
Breast cancer is a public health problem in both developed and developing countries.1-3 According 
to the International Agency for Research on Cancer (IARC), there were two million new cancer 
cases and 626,000 deaths from breast cancer worldwide in 2018.1 In Brazil, breast cancer accounts 
for about 30% of all new cancer cases in women, annually.2 In this context, studies on risk fac-
tors are important for understanding the problem and for developing disease prevention policies. 

Exposure to ionizing radiation is a well-known risk factor for the development of breast 
cancer. The risk is highest among young women at the time of exposure and is directly propor-
tional to the radiation dose.4 In this context, there are several associations with genetic factors, 
which suggest that certain variations in deoxyribonucleic acid (DNA) damage-response genes 
can make it difficult for radiation-induced damage to be repaired.5 On the other hand, little is 
known about the impact of major radiological accidents on breast cancer incidence. The data 
from Japan and Chernobyl remain inconclusive, despite the increased risk of several other patho-
logical conditions.4,6 

In September 1987, a radiological accident of major proportions occurred in Goiânia, which 
affected both the population and the environment. The accident was caused by the removal and 
dismantling of a sealed source containing cesium-137, in an abandoned radiotherapy unit in 
Goiânia.7,8 The source was in the form of cesium chloride salt, which exhibited high solubility and 
was easily dispersible. The weather conditions at the time of the accident comprised heavy rain 
and a temperature of 26.4 °C. These conditions facilitated dispersion of the initial cesium-137 in 
the environment, around seven main spots in the central region of the city of Goiânia.8,9
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ABSTRACT
BACKGROUND: The largest radiological accident to occur in any urban area happened in Goiânia, Brazil, 
in 1987. 
OBJECTIVE: To evaluate the association between breast cancer incidence and ionizing radiation levels. 
DESIGN AND SETTING: Ecological study among residents of the city of Goiânia, Brazil.
METHODS: The central region of Goiânia, with seven major sources of contamination from cesium-137, 
was defined as the study area. The addresses of women diagnosed with breast cancer were identified 
between 2001 and 2010. The data were geographically referenced and, using census data, the annual av-
erages of crude incidence rates were estimated. The existence of clusters of new cases was ascertained by 
means of the Moran index. Correlations of radiometric measurements with the incidence were assessed 
using unconditional linear regression. 
RESULTS: A total of 4,105 new cases were identified, of which 2,233 were in the study area, and of 
these, 1,286 (57.59%) were georeferenced. The gross rates of total and referenced cases were 102.91 and 
71.86/100,000 women, respectively. These were close to the average for Brazilian state capitals, which is 
79.37/100,000 women. The cluster analysis showed slight correlations in three small sets of census tracts, 
but these were far from the sources of contamination. The scatter plot of points and the R2 value close to 
zero indicated that there was no association between the variables. 
CONCLUSION: This study reinforces the hypothesis that the ionizing radiation levels to which women 
living in Goiânia are now exposed to are not associated with the onset of new cases of breast cancer.
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It has been recognized that the greatest degree of contam-
ination of the environment occurred in the areas of the main 
sources of contamination.9 It has therefore been speculated that 
the population neighboring these areas will have been subject to 
higher incidence of cancer than the general population. Hence, it 
is important to assess the temporal trends and possible existence 
of cancer clusters in these areas.7

Long-term and low-intensity environmental exposure is called 
chronic exposure. In such cases, knowledge of both the territorial 
distribution of emissions and the dynamics of the population tran-
siting through the region enables calculation of the annual dose 
typically absorbed by an individual.11

OBJECTIVE
Considering the cesium-137 accident and the increasing rates of 
breast cancer incidence in Goiânia, this study aimed to evaluate 
the spatial autocorrelation (clusters) of the addresses of women 
who had been diagnosed with breast cancer and ascertain the 
association between the incidence of breast cancer and the ioniz-
ing radiation levels to which the population was subjected.

METHODS
An ecological study was conducted using the databases of new 
cases of breast cancer from the Population-Based Cancer Registry 
of Goiás (Registro de Câncer de Base Populacional de Goiás, 
RCBPGO) and radiometric measurements obtained with sup-
port from the National Nuclear Energy Commission (Comissão 
Nacional de Energia Nuclear, CNEN). To assess the existence of 
clusters and the association between the variables defined in this 
study, it was necessary to geographically locate the addresses of 
the women diagnosed with breast cancer. From this point, the 
crude incidence rates were calculated using the female popula-
tion census data. 

Ethical issues
The study protocol was reviewed and approved by the inter-
nal review board of the Goiás Anticancer Association (num-
ber 31068514.43001.0031) and by the internal review board 
of the Universidade Federal de Goiás (UFG) (number 
27742214.4.0000.5078). There was no need for informed consent. 

Study area
The city of Goiânia is the capital of the state of Goiás and, accord-
ing to the 2010 census of the Brazilian Institute for Geography and 
Statistics (Instituto Brasileiro de Geografia e Estatistica, IBGE), 
the total population is 1,302,001. The territorial area of Goiânia is 
733.116 km², with a population density of 1,776.74 inhabitants/
km², and the city is divided into census tracts, which are the ter-
ritorial units used for controlling collection of the census data.12

The local government also uses these territorial divisions in 
administrative and geographical units called healthcare districts, 
which are composed of a set of neighboring census tracts.

The central region of Goiânia, comprised of the Campinas-
Center and South healthcare districts, which contained the seven 
major sources of contamination of the cesium-137 accident and 
the majority of new cases of breast cancer, was defined as the study 
area, as shown in Figure 1.

Data collection
Radiometric survey
The radiometric survey data and estimates of the doses to which 
the population of Goiânia was exposed were obtained from a 
previous study, conducted between 2010 and 2014.13 To conduct 
this survey, a mobile system for measuring gamma radioactiv-
ity in the environment, the Thermo Eberline FHT model 1376 
MobiSys, was used. This system consisted of a high-sensitivity 
detector (five-liter plastic scintillator) coupled to a global posi-
tioning system (GPS) device and a microcomputer. The assem-
bly was installed on a motor vehicle such that the height of the 
detector was one meter from the ground. The detector was con-
figured to make absorbed dose rate measurements in the air 
every second. The data collected were the absorbed dose rate in 
the air, geographical coordinates, altitude and date and time of 
acquisition.13

Breast cancer incidence
From the RCBPGO database, information about new cases 
of breast cancer in the urban area of Goiânia that occurred 
between 2001 and 2010 was collected. The eligibility criteria for 
the records followed the RCBPGO methodology, comprising all 
cases of breast cancer diagnosed annually in women living in the 
city. To avoid inclusion of cases of women from other locations, 
the diagnosis of cancer needed to have been after the individ-
ual had settled in the city for a minimum period of six months. 
The consistency of the addresses in the records identified in the 
study area was checked and, whenever possible, they were con-
firmed from other public databases, with the aim of enabling 
their geographical referencing.

Crude incidence rate
To calculating the crude incidence rate of breast cancer, the num-
ber of new cases and the female population located in a specific 
geographical region were considered. Data from 2000 and 2010 
demographic censuses were used, in accordance with the period 
covered by the survey. As defined by the IBGE, the census tract 
data comprised private households and people who were inves-
tigated as part of the entire population; these were, by conven-
tion, called universal results. The population data referred to the 
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numbers of residents, in total and according to sex, in private and 
collective households.12

For comparison of the results between specific regions of 
Goiânia and even with other locations in Brazil, the indexes obtained 
from all cases were separated, considering the whole city, the study 
area and areas outside the study area. Moreover, for geographically 
referenced cases, the results were presented considering the study 
area and, in isolation, the two healthcare districts involved. From 
the number of new cases of breast cancer and the average number 

of women living in each specific geographical region, the annual 
crude breast cancer incidence rate (IR) per 100,000 women could 
be calculated, in accordance with equation (1).

IR = [(N /10) / P] x 100,000 (1)

IR – Crude incidence rate of breast cancer.
N – Number of new cases of breast cancer in the period from 
2001 to 2010.
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Figure 1. Division of the urban area of Goiânia into healthcare districts and respective census tracts, Goiânia, Goiás, Brazil, 2015.
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10 – Number of years covered by the survey.
P – Average female population, considering the 2000 and 2010 
censuses.

To calculate the crude incidence rate, considering all the cases 
identified in the survey, the estimate of the average female popula-
tion (P) was obtained by reducing the 2010 population by half the 
population change that was observed between 2000 and 2010 in 
the IBGE censuses, which was 19%; therefore, the reduction fac-
tor used was 9.5%. In addition, for the sample of geographically 
referenced cases, the average female population was also obtained 
by using a 9.5% reduction factor on the female population ascer-
tained through the 2010 IBGE census and, in this case, only the 
census tracts in which there was at least one geographically refer-
enced case were considered.

Cluster analysis 
The complete addresses and their geographical coordinates that 
were identified as being within the study area were geographically 
referenced. We used a geographical information system (GIS), 
the ArcGIS 10.0 software, which was developed by the American 
company ESRI (Environmental Systems Research Institute) for 
spatial analyses and breast cancer incidence maps. A database 
was also generated per census tract in the study area, using the 
data on the number of women diagnosed with breast cancer.

Thus, it was possible to perform a spatial assessment of the 
incidence of new cases of breast cancer in a particular region 
within a defined period, and thus, to identify possible clusters. 
Such clusters are gathered from events that are not merely ran-
dom and, from this, it is possible to draw comparisons between 
specific geographical areas.14

Using the database with the geographically referenced crude 
breast cancer incidence rates, the spatial autocorrelations in 
the census tracts within the study area were analyzed by means 
of the Moran index. This index is a correlation coefficient that 

measures the overall spatial autocorrelation, which is multidirec-
tional and multidimensional. However, while other coefficients 
measure correlations ranging from perfect to no correlation, 
Moran’s is different: “-1” is a perfect clustering of dissimilar val-
ues (perfect dispersion); “0” is no autocorrelation (perfect ran-
domness); and “+1” indicates perfect clustering of similar values 
(the opposite of dispersion).

Association between quantitative variables
The strength of the linear relationship between the continuous 
variables can be quantified using geographically weighted regres-
sion analyses. The main objective of this study was to analyze the 
association between the geographically referenced crude breast 
cancer incidence rates and the radiation dosimetry measure-
ments according to census tract in the study area. We used lin-
ear regression analysis and calculation of R², which indicated the 
strength of the linear relationship between the variables using 
geographical weighted regression (GWR).

RESULTS
Breast cancer incidence
Total number of new cases
Between 2001 and 2010, 4,105 new cases of breast cancer were 
identified, among which 2,233 were in the study area and 1,872 
were outside it. From the total number of new cases of breast can-
cer during the period of the survey, and the estimated average 
female population, the crude incidence rates were obtained and 
compared among specific regions and with estimates for 2016, as 
shown in Table 1.

Number of geographically referenced new cases
In the study area, 2,233 new cases of breast cancer were identi-
fied in the period covered by the survey and, of these, 1,286 were 
geographically referenced, representing 57.59% of the total sam-
ple. The other cases did not present the necessary information for 

Table 1. Comparison of the crude incidence rates per 100,000 women over the period from 2001 to 2010, in specific regions of Goiânia 
and other locations in Brazil

Geographical region
New cases 

of breast cancer
% of new cases 
in the sample

Average female 
population

Incidence rate  
per 100,000

Goiânia 4,105 100 616,435 66.59
Study area 2,233 54.40 216,981 102.91
Campinas-Center HD 1,053 25.65 108,108 97.40
South HD 1,180 28.75 108,873 108.38
Outside of study area* 1,872 45.60 399,454 46.86
Brazil** 56.20
State of Goiás** 52.09
Goiânia** 76.07

HD = healthcare district.
*In healthcare districts in Goiânia, other than those in the study area; **Estimates for 2016.3

https://www.statisticshowto.datasciencecentral.com/serial-correlation-autocorrelation/
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geographical referencing. The number of new cases of breast can-
cer ranged from one to 12 cases per census tract.

Considering only the sample of geographically referenced 
new cases and the average female population in each census tract 
(i.e. in tracts with at least one identified case), the crude incidence 
rates per 100,000 women were estimated. These are presented as 
aggregates in Table 2.

The crude incidence rate in the sample of geographically ref-
erenced cases, in each census tract in the study area, ranged from 
16.25 to 310.39 cases per 100,000 women in the Campinas-Center 
healthcare district and from 17.43 to 295.97 cases per 100,000 
women in the South healthcare district.

Analysis of spatial clusters
Through the statistical analysis on the spatial clusters consider-
ing the number of geographically referenced new cases of breast 
cancer, and from the crude incidence rates in each census tract, 
it was observed that most of the census tracts in the study area 
did not present any spatial autocorrelation. The crude incidence 
rates obtained in these tracts were statistically and geographically 
heterogeneous. There were three small sets of tracts, one in the 
southern region and two in the western region of the study area, 
where the cancer occurrence rate was high in several neighboring 
tracts, as seen in Figure 2.

Association between quantitative variables
From the geographically referenced databases of breast cancer 
crude incidence rates and radiometric measurements per census 
tract in the study area, it was possible to quantify the strength of 
the linear relationship between these variables.

Breast cancer incidence and ionizing radiation
In order to evaluate the association between the variables stud-
ied, a linear regression analysis showing the dispersion of the 
points and R² values was performed, as displayed in Figure 3. 

In the graph of Figure 3, the dispersion of the points does not 
follow any geometric pattern (line or curve) that would indicate any 
association between the variables. This can also be confirmed from 

the trend line, which is practically horizontal. The low R² values 
also indicate that there was a lack of association per census tract.

DISCUSSION
All practices using ionizing radiation should observe the basic 
principles of radiation protection, including the principle of 
optimization. This concept dictates that all exposures should be 
kept as low as reasonably achievable (ALARA), since radiobi-
ological and epidemiological studies on low doses have shown 
that there is no way to determine a dose threshold for the onset 
of stochastic biological effects.15

Evaluating a possible association between the incidence of breast 
cancer and the ionizing radiation levels existing in Goiânia is relevant, 
considering that both people and the environment in this area were 
seriously affected by the cesium-137 accident.7,8 This was the largest 
radiological accident that has occurred in any urban area and, there-
fore, it provides a rare opportunity to investigate the effects of ionizing 
radiation on occurrences of malignancies. In this context, this study 
reinforces the hypothesis that the radiological accident in Goiânia 
was not associated with the appearance of new cases of breast cancer. 

The classical studies observed high cesium concentration at 
the incident site16 and indicated that exposure to ionizing radiation 
could be detected in descendants of the exposed individuals.17,18 
Nevertheless, population-based studies with almost 30 years of 
follow-up have also suggested that was no association between the 
radiological accident and the incidence of cancer in the city.19,20 
One possible explanation for this is that the genetic changes induced 
in the exposed population were not pathogenic or did not trans-
late into increased cancer risk.21

In the overall analysis on breast cancer incidence in Goiânia, 
the peak incidence of the disease would have been expected in 
1997, i.e. after a ten-year latency period following the accident. 
However, a recent study showed that the increase in the incidence 
of breast cancer in Goiânia was gradual between 1988 and 2004, 
with a tendency to stabilize after 2005.20 In this context, analysis 
on the incidence associated with the geospatial distribution pat-
tern may identify points of higher concentration of the disease 
(clusters) and assist in constructing hypotheses about neoplasm 
behavioral change at that particular location.22-24 

For the city of Goiânia, the estimates for 2016 showed that there 
were 250 new cases of breast cancer and a crude incidence rate of 
76.07 cases per 100,000 women. Among the Brazilian state capitals, 
Goiânia presents an intermediate rate, close to the national average 
among the capitals, which is 79.37 new cases per 100,000 women.2 
In addition, no abnormal pattern in the breast cancer incidence 
curve was observed in Goiânia over the past 30 years, compared 
with other Brazilian state capitals.2,20

Considering the total number of new cases of breast cancer 
identified in this study within the period between 2001 and 2010, 

Table 2. Description of the crude incidence rates of new 
cases of breast cancer, geographically referenced per 100,000 
women, according to sanitary district in the study area

Geographical region
New cases 
of breast 

cancer

Average 
female 

population
(2000-2010)

Crude 
incidence 

rate  
per 100,000

Study area 1,286 178,950 71.86
Campinas-Center HD 569 84,009 67.73
South HD 717 94,941 75.52

HD = healthcare district.
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the crude incidence rates per 100,000 women were much higher in 
the study area (102.91 cases per 100,000) than outside the study area 
(46.86 cases per 100,000), and higher than the average in Goiânia 
(66.59 cases per 100,000 women). Moreover, with regard to the 
absolute number of new cases, the study area presented a concentra-
tion of 54.40%, although the proportions in the Campinas-Center 
(25.65%) and South (28.75%) healthcare districts were similar. 

Previous studies also identified higher concentrations of breast 
cancer cases in the Campinas-Center (39.95%) and South (20.48%) 
healthcare districts. These districts of Goiânia have populations 
with higher socioeconomic status, older women and easier access to 
healthcare services.3 Thus, the difference in the incidence rate may 
be due to greater adherence to screening programs and expression 

No autocorrelation

High both in the tract and the neighbors

High in the tract and low in the neighbors

Low in the tract and high the neighbors
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Figure 2. Spatial autocorrelation of the crude incidence rates of breast cancer (clusters) from 2001 to 2010, in each census tract of the 
Campinas-Center and South healthcare districts.

of other risk factors for the disease, such as age, obesity and hor-
mone exposure.

Considering only the geographically referenced new cases 
of breast cancer in the study area and their respective health-
care districts, the crude incidence rates per 100,000 women were 
71.86 in the study area overall, i.e. 67.73 in the Campinas-Center 
healthcare district, and 75.52 new cases per 100,000 women in 
the South healthcare district. Because the sample of geograph-
ically referenced cases represented 57.59% of the total identi-
fied, it was expected that the crude incidence rates obtained in 
the geographically referenced sample would be proportionately 
lower than the rates found for all the new cases identified in the 
survey, and this was confirmed. 
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For the cluster analysis, we considered the crude incidence 
rates that took into account both the number of new cases and 
the female population living in each census tract. Thus, one pos-
sible source of bias was eliminated, because if the absolute number 
of new cases of breast cancer were considered, a focus on more 
densely populated areas would be expected. 

The data from this study add population-based information 
and geographical referencing involving breast cancer and exposure 
to cesium-137. In an individualized analysis on the direct victims 
of the accident, there was no difference in the overall incidence of 
cancer cases.21 By means of regression analysis, and considering the 
breast cancer crude incidence rate and the average dose of ionizing 
radiation, we found that there was no statistical association between 
these variables. However, new studies are needed in order to continue 
the evaluation of other risk factors associated with this neoplasm.

CONCLUSIONS
This study reinforces the hypothesis that the ionizing radiation 
levels to which women living in Goiânia are exposed to are not 
associated with the onset of new cases of breast cancer. Discrete 
clusters were observed in specific regions away from the sources 
of contamination from the cesium-137 accident, which were the 
areas with the highest levels of ionizing radiation in Goiânia.

REFERENCES
1. Ferlay J, Ervik M, Lam F, et al. Global Cancer Observatory: Cancer Today. 

Lyon, France: International Agency for Research on Cancer; 2018. 

Available from: https://gco.iarc.fr/today. Accessed in 2020 (Feb 11).

2. Instituto Nacional de Câncer José Alencar Gomes da Silva. Coordenação 

de Prevenção e Vigilância. Estimativa 2016: incidência de câncer no 

Brasil/Instituto Nacional de Câncer José Alencar Gomes da Silva. 

Coordenação de Prevenção e Vigilância. Rio de Janeiro: INCA; 

2015. Available from: https://www.inca.gov.br/bvscontrolecancer/

publicacoes/edicao/Estimativa_2016.pdf. Accessed in 2020 (Feb 11).

Figure 3. Association between the crude incidence rate of 
breast cancer and the annual average effective dose (mSv/
year) in the census tracts of the study area (Campinas-Center 
South healthcare districts).

Annual average e�ective dose (mSv/year)

0.029

350
300
250
200
150
100

50
0

Cr
ud

e 
in

ci
de

nc
e 

ra
te

(p
er

 1
00

,0
00

 w
om

en
)

0.049 0.069

y = -19.608x + 75.94
r2 = 3E-06

0.089

3. Freitas NMA. Evolução temporal da incidência do câncer de mama na 

cidade de Goiânia de acordo como grupo etário e análise geoespacial 

[Temporal evolution of breast cancer incidence in the city of Goiania 

according to the age group and geospatial distribution] [thesis]. Programa 

de Pós-Graduação em Ciências da Saúde. Goiás: Faculdade de Medicina 

da Universidade Federal de Goiás; 2010. Available from: https://repositorio.

bc.ufg.br/tede/handle/tede/3268. Accessed in 2020 (Feb 11).

4. Boice JD Jr. Radiation and breast carcinogenesis. Med Pediatr Oncol. 

2001;36(5):508-13. PMID: 11340604; doi: 10.1002/mpo.1122.

5. Lee S, Liang X, Woods M, et al. Machine learning on genome-wide 

association studies to predict the risk of radiation-associated contralateral 

breast cancer in the WECARE Study. PLoS One. 2020;15(2):e0226157. 

PMID: 32106268; doi: 10.1371/journal.pone.0226157. 

6. Ogrodnik A, Hudon TW, Nadkarni PM, Chandawarkar RY. Radiation 

exposure and breast cancer: lessons from Chernobyl. Conn Med. 

2013;77(4):227-34. PMID: 23691737.

7. Steinhausler F. Chernobyl and Goiânia lessons for responding to 

radiological terrorism. Health Phys. 2005;89(5):566-74. PMID: 16217200; 

doi: 10.1097/01.hp.0000178545.02726.21. 

8. International Atomic Energy Agency. The radiological accident in 

Goiânia. Vienna: IAEA; 1988. Available from: https://www-pub.iaea.org/

MTCD/publications/PDF/Pub815_web.pdf. Accessed in 2020 (Feb 11).

9. Pires do Rio MA, Amaral ECS, Paretke HG. The resuspension and redeposition 

of 137Cs in an urban area: the experience after the Goiânia accident. Journal 

of Aerosol Science. 1994;25(5):821-31. doi: 10.1016/0021-8502(94)90049-3.

10. Amaral EC, Vianna ME, Godoy JM, et al. Distribution of 137 Cs in soils 

due to the Goiânia accident and decisions for remedial action during 

the recovery phase. Health Phys. 1991;60(1):91-8. PMID: 1983991; doi: 

10.1097/00004032-199101000-00015.

11. United Nations Scientific Committee on the Effects of Atomic Radiation. 

Effects of ionizing radiation: report to the general assembly, with 

scientific annexes. v. 1. United Nations Publications; 2000. Available from: 

https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_GA-

Report.pdf. Accessed in 2020 (Feb 14).

12. International Commission on Radiological Protection. Recommendations 

of the International Commission on Radiological Protection. Annals of 

ICRP, 21(1-3). Publication 60. Oxford: Pergamon Press; 1991. Available 

from: https://journals.sagepub.com/doi/pdf/10.1177/ANIB_21_1-3. 

Accessed in 2020 (Feb 14).

13. Instituto Brasileiro de Geografia e Estatística. Sinopse do censo 

demográfico 2010: Cidades, Goiás. Brasília, DF; 2010. Available from: 

https://www.ibge.gov.br/estatisticas/sociais/populacao/2098-

np- censo- demograf ico/9662- censo- demograf ico-2010.

html?=&t=resultados. Accessed in 2020 (Feb 14).

14. Lage LB. Avaliação da radiação ionizante como fator de risco para a 

incidência de câncer de mama em Goiânia [Assessment of ionizing 

radiation as a risk factor for breast cancer incidence in Goiânia] [dissertation]. 

Programa de Pós-Graduação em Ciências da Saúde. Goiás: Faculdade de 

Medicina da Universidade Federal de Goiás; 2016. Available from: https://

repositorio.bc.ufg.br/tede/handle/tede/6104. Accessed in 2020 (Feb 11).

https://gco.iarc.fr/today
https://www.inca.gov.br/bvscontrolecancer/publicacoes/edicao/Estimativa_2016.pdf
https://www.inca.gov.br/bvscontrolecancer/publicacoes/edicao/Estimativa_2016.pdf
https://repositorio.bc.ufg.br/tede/handle/tede/3268
https://repositorio.bc.ufg.br/tede/handle/tede/3268
https://www.ncbi.nlm.nih.gov/pubmed/?term=11340604
http://dx.doi.org/10.1002/mpo.1122
https://www.ncbi.nlm.nih.gov/pubmed/?term=32106268
http://dx.doi.org/10.1371/journal.pone.0226157
https://www.ncbi.nlm.nih.gov/pubmed/?term=23691737
https://www.ncbi.nlm.nih.gov/pubmed/?term=16217200
http://dx.doi.org/10.1097/01.hp.0000178545.02726.21
https://www-pub.iaea.org/MTCD/publications/PDF/Pub815_web.pdf
https://www-pub.iaea.org/MTCD/publications/PDF/Pub815_web.pdf
http://dx.doi.org/10.1016/0021-8502(94)90049-3
https://www.ncbi.nlm.nih.gov/pubmed/?term=1983991
http://dx.doi.org/10.1097/00004032-199101000-00015
https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_GA-Report.pdf
https://www.unscear.org/docs/publications/2000/UNSCEAR_2000_GA-Report.pdf
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_21_1-3
https://www.ibge.gov.br/estatisticas/sociais/populacao/2098-np-censo-demografico/9662-censo-demografico-2010.html?=&t=resultados
https://www.ibge.gov.br/estatisticas/sociais/populacao/2098-np-censo-demografico/9662-censo-demografico-2010.html?=&t=resultados
https://www.ibge.gov.br/estatisticas/sociais/populacao/2098-np-censo-demografico/9662-censo-demografico-2010.html?=&t=resultados
https://repositorio.bc.ufg.br/tede/handle/tede/6104
https://repositorio.bc.ufg.br/tede/handle/tede/6104


ORIGINAL ARTICLE | Lage LB, Freitas-Junior R, Corrêa RS, Santos EE, Ferreira NC, Silva NC, Soares LR

304     Sao Paulo Med J. 2020; 138(4):297-304

15. Carvalho M. S, Souza-Santos R. Análise de dados espaciais em saúde 

pública: métodos, problemas, perspectivas [Analysis of spatial data 

in public health: methods, problems, and perspectives]. Cad Saude 

Publica. 2005;21(2):361-78. PMID: 15905899; doi: 10.1590/s0102-

311x2005000200003.

16. International Commission on Radiological Protection. Radiological 

protection and safety in medicine. Annals of ICRP, 26(2). Publication 73. 

Oxford: Pergamon Press; 1996. Available from: https://journals.sagepub.

com/doi/pdf/10.1177/ANIB_26_2. Accessed in 2020 (Feb 11).

17. Anjos RM, Umisedo NK, Facure A, et al. Goiânia: 12 years after the 137Cs 

radiological accident. Radiat Prot Dosimetry. 2002;101(1-4):201-4. PMID: 

12382735; doi: 10.1093/oxfordjournals.rpd.a005967.

18. da Cruz AD, de Melo e Silva D, da Silva CC, et al. Microsatellite mutations 

in the offspring of irradiated parents 19 years after the Cesium-137 

accident. Mutat Res. 2008;652(2):175-9. PMID: 18346932; doi: 10.1016/j.

mrgentox.2008.02.002.

19. Costa EOA, Pinto IP, Gonçalves MW, et al. Small de novo CNVs as 

biomarkers of parental exposure to low doses of ionizing radiation of 

caesium-137. Sci Rep. 2018;8(1):5914. PMID: 29651024; doi: 10.1038/

s41598-018-23813-5.

20. Rahal RMS, Rocha ME, Freitas-Junior R, et al. Trends in the incidence of 

breast cancer following the radiological accident in Goiânia: a 25-year 

analysis. Asian Pac J Cancer Prev. 2019;20(12):3811-6. PMID: 31870126; 

doi: 10.31557/APJCP.2019.20.12.3811.

21. Curado MP, Oliveira MM, Valverde NJL, Cruz AD. Cancer incidence 

in the cohort exposed to Cesium-137 accident in Goiânia (Brazil) in 

1987. J Health Biol Sci. 2019;7(3):228-32. doi: 10.12662/2317-3076jhbs.

v7i3.2429.p228-232.2019.

22. Shlien A, Malkin D. Copy number variations and cancer susceptibility. 

Curr Opin Oncol. 2010;22(1):55-63. PMID: 19952747; doi: 10.1097/

CCO.0b013e328333dca4. Retraction in: Curr Opin Oncol. 2016;28(5):453. 

PMID: 27495794; doi: 10.1097/01.cco.0000491182.00738.ba.

23. Meliker JR, Jacquez GM, Goovaerts P, Copeland G, Yassine M. Spatial 

cluster analysis of early stage breast cancer: a method for public 

health practice using cancer registry data. Cancer Causes Control. 

2009;20(7):1061-9. PMID: 19219634; doi: 10.1007/s10552-009-9312-4.

24. Póllan M, Ramis R, Aragonés N, et al. Municipal distribution of breast 

cancer mortality among women in Spain. BMC Cancer. 2007;7:78. PMID: 

17488519; doi: 10.1186/1471-2407-7-78. 

25. Schootman M, Lian M, Deshpande AD, et al. Temporal trends in geographic 

disparities in small-area breast cancer incidence and mortality, 1988 to 

2005. Cancer Epidemiol Biomarkers Prev. 2010;19(4):1122-31. PMID: 

20354128; doi: 10.1158/1055-9965.EPI-09-0966.

Authors’ contributions: Lage LB: conceptualization (lead), data curation 

(equal), formal analysis (equal), investigation (equal), methodology 

(equal), project administration (equal), resources (equal), validation 

(equal), writing-original draft (equal) and writing-review and editing 

(equal); Freitas-Junior R: conceptualization (equal), data curation (equal), 

methodology (equal), project administration (equal), supervision (lead), 

validation (equal), visualization (equal), writing-original draft (equal) and 

writing-review and editing (lead); Corrêa RS: conceptualization (equal), 

funding acquisition (equal), investigation (equal), methodology (equal), 

resources (equal), validation (equal), writing-original draft (equal) and 

writing-review and editing (equal); Santos EE: conceptualization (equal), 

data curation (equal), investigation (equal), project administration (lead), 

resources (equal), software (equal), supervision (equal), writing-original 

draft (equal) and writing-review and editing (equal); Ferreira NC: data 

curation (equal), formal analysis (equal), methodology (equal), resources 

(equal), software (lead), writing-original draft (equal) and writing-review 

& editing (equal); Silva NC: data curation (equal), funding acquisition 

(equal), methodology (equal), software (equal), validation (equal), 

writing-original draft (equal) and writing-review and editing (equal); 

and Soares LR: conceptualization (equal), funding acquisition (equal), 

investigation (equal), project administration (equal), supervision (equal), 

validation (equal), visualization (equal), writing-original draft (equal) and 

writing-review and editing (equal). All authors actively contributed to 

the production of the manuscript and approved the final version for 

publication

This manuscript was partially presented on August 11, 2016 (as a 

dissertation), in Goiânia, Goiás, Brazil. Author: Leonardo Bastos Lage. 

Institution: Universidade Federal de Goiás (UFG). Postgraduate Program on 

Health Sciences. Title: “Avaliação da radiação ionizante como fator de risco 

para a incidência de câncer de mama em Goiânia” [Evaluation of ionizing 

radiation as a risk factor for the incidence of breast cancer in Goiânia]

Sources of funding: None of the authors received any funding relating 

to the collection, analysis and interpretation of the data; the writing of 

the manuscript; or the decision to submit the manuscript for publication

Conflicts of interest: The authors declare that they did not have any 

conflict of interest 

Date of first submission: February 14, 2020

Last received: April 7, 2020

Accepted: May 4, 2020

Address for correspondence:  

Ruffo Freitas-Junior 

1a Avenida, s/no  

Setor Universitário — Goiânia (GO) — Brasil 

CEP 74605-050 

Tel. (+55 62) 3991-6012 

E-mail: ruffojr@terra.com.br

© 2020 by Associação Paulista de Medicina  
This is an open access article distributed under the terms of the Creative Commons license.

https://www.ncbi.nlm.nih.gov/pubmed/?term=15905899
http://dx.doi.org/10.1590/s0102-311x2005000200003
http://dx.doi.org/10.1590/s0102-311x2005000200003
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_26_2
https://journals.sagepub.com/doi/pdf/10.1177/ANIB_26_2
https://www.ncbi.nlm.nih.gov/pubmed/?term=12382735
http://dx.doi.org/10.1093/oxfordjournals.rpd.a005967
https://www.ncbi.nlm.nih.gov/pubmed/?term=18346932
http://dx.doi.org/10.1016/j.mrgentox.2008.02.002
http://dx.doi.org/10.1016/j.mrgentox.2008.02.002
https://www.ncbi.nlm.nih.gov/pubmed/?term=29651024
http://dx.doi.org/10.1038/s41598-018-23813-5
http://dx.doi.org/10.1038/s41598-018-23813-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=31870126
http://dx.doi.org/10.31557/APJCP.2019.20.12.3811
http://dx.doi.org/10.12662/2317-3076jhbs.v7i3.2429.p228-232.2019
http://dx.doi.org/10.12662/2317-3076jhbs.v7i3.2429.p228-232.2019
https://www.ncbi.nlm.nih.gov/pubmed/19952747
http://dx.doi.org/10.1097/CCO.0b013e328333dca4
http://dx.doi.org/10.1097/CCO.0b013e328333dca4
https://www.ncbi.nlm.nih.gov/pubmed/?term=27495794
http://dx.doi.org/10.1097/01.cco.0000491182.00738.ba
https://www.ncbi.nlm.nih.gov/pubmed/?term=19219634
http://dx.doi.org/10.1007/s10552-009-9312-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=17488519
http://dx.doi.org/10.1186/1471-2407-7-78
https://www.ncbi.nlm.nih.gov/pubmed/?term=20354128
http://dx.doi.org/10.1158/1055-9965.EPI-09-0966
mailto:ruffojr@terra.com.br

