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ABSTRACT

Introduction: Socio-spatial measures are largely used in health research, but it is still unusual in oral cancer investigation. Objective:
This study aims to describe the sociodemographic and clinical features of oral cancer and analyze the spatial distribution of the disease in
relation to the neighborhood socioeconomic status including availability of health care centers. Method: Sociodemographic, clinical and
histopathologic data were collected from patients treated from 2005 to 2015. Descriptive data analyses of all variables were performed.
The spatial analysis was carried out through the program R. Geographic distribution of patients’ home addresses was analyzed using
Ripley’s K function and Kernel maps. The socio-spatial vulnerability was defined by household income and home adequacy. Results: Of
the 127 patients included, the majority were males (76.4%), Caucasian or Brown (82.7%), married (35.4%), with low educational level
(71.6%) and mean age of 59.5 years. Cases were distributed in clusters characterized by lower median income and inadequate sanitary
conditions. Primary health care centers were homogeneously distributed throughout the city. Conclusion: These oral cancer cases are
concentrated in regions under relatively low socioeconomic conditions, and despite the homogeneous distribution of primary health care
centers, it is not enough to promote access for patients and oral cancer remains being diagnosed late.
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Resumo

Introdugao: Medidas socioespaciais sio amplamente utilizadas na pesquisa
em satide, mas ainda pouco exploradas em relagio ao cincer de boca.
Objetivo: Descrever as caracteristicas sociodemograficas e clinicas do
cancer de boca e analisar a distribui¢do espacial da doenga em relagio ao
status socioecondmico do bairro, incluindo a disponibilidade de centros
de satide. Método: Foram coletados dados sociodemogréficos, clinicos
e histopatolégicos dos pacientes atendidos no periodo de 2005 a 2015.
Foram realizadas andlises descritivas dos dados de todas as varidveis. A
andlise espacial foi realizada por meio do programa R. A distribuicao
geogréfica dos enderegos residenciais dos pacientes foi analisada usando a
fungio K de Ripley e mapas de Kernel. A vulnerabilidade socioespacial foi
definida pela renda familiar e adequagio do domicilio. Resultados: Dos
127 pacientes incluidos, a maioria era do sexo masculino (76,4%), branca
ou parda (82,7%), casada (35,4%), com baixa escolaridade (71,6%) e idade
média de 59,5 anos. Os casos foram distribuidos em grupos caracterizados
por menor renda mediana e condigées sanitdrias inadequadas. Conclusao:
Os casos de cancer oral estdo concentrados em regides de baixa condi¢ao
econdomica. Embora os centros de atengdo primdria a saide tenham sido
homogeneamente distribuidos por toda a cidade, isso nio ¢ suficiente
para promover o acesso dos pacientes e o cincer de boca continua sendo
diagnosticado tardiamente.

Palavras-chave: Neoplasias Bucais; Neoplasias Orofaringeas; Epidemiologia;
Anélise Espacial; Fatores Socioecondmicos.

Resumen

Introduccién: Las medidas socioespaciales son ampliamente utilizadas en
las investigaciones relacionadas con la salud, sin embargo, existen pocos
estudios en relacion con el cncer oral. Objetivo: Describir las caracteristicas
sociodemogréficas y clinicas del cdncer oral y analizar la distribucién espacial
de la enfermedad en relacién con el estado socioeconémico del vecindario,
la disponibilidad de centros de salud. Método: Se recogieron datos
sociodemogrificos, clinicos e histopatolégicos de pacientes tratados entre
2005 y 2015. Se realizaron andlisis descriptivos de los datos para todas las
variables. El andlisis espacial se realizé utilizando el programa R. La distribuciéon
geogréfica de las direcciones de los hogares de los pacientes se analizé utilizando
la funcién K de Ripley y los mapas de Kernel. La vulnerabilidad socioespacial
se definié por el ingreso familiar y la adecuacién del hogar. Resultados: De
los 127 pacientes incluidos, la mayorfa eran hombres (76.4%), blancos o
morenos (82.7%), casados (35.4%), con baja educacién (71.6%) y edad
promedio 59,5 afios. Los casos se distribuyeron en grupos caracterizados por
ingresos medios mds bajos y condiciones sanitarias inadecuadas. Los centros
de atencién primaria de salud se distribuyeron de manera homogénea en
toda la ciudad. Conclusién: Estos casos de cdncer estdn concentrados en
regiones con condiciones socioeconémicas relativamente mas bajas. A pesar
de la distribucién de la atencién primaria, esta no suficiente para promover el
acceso de los pacientes a ella y su diagndstico contintia siendo tardio.
Palabras clave: Neoplasias de la Boca; Neoplasias Orofaringeas;
Epidemiologia; Anilisis Espacial; Factores Socioeconémicos.
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INTRODUCTION

Cancer is one of the leading causes of death in the
world; and, in Brazil, oral cancer is a high-incidence
malignancy. The Brazilian National Institute of Cancer
(INCA, acronym in Portuguese) estimates 15,190 new
cases in 2020". This type of cancer has a varied global
distribution, and independent of place, more than 90%
of the cases are diagnosed as squamous cell carcinoma
(SCC)% SCC etiology is due to a combination of
numerous risk factors that include personal habits,
occupation and genetic factors’.

Individuals diagnosed with oral cancer are influenced
by environmental, social, economic, geographic and
demographic factors. Socioeconomic inequities are also
determinant in the development of oral cancer®®
individuals residing in underserved neighborhoods are

since

more exposed to risk factors and allegedly have less access
to health services’.

Geographical information systems (GIS) and spatial
analysis can be useful tools for understanding the
distribution and factors related to diseases and also,
for the implementation of health policies, however,
the incorporation of these techniques varies among
fields®. There are few studies using geospatial methods
to analyze these trends in oral cancer and the majority
were conducted in developed countries”'?. In Latin
America, and specifically in Brazil, there are scarce
studies investigating the association of geographic and
socioeconomic aspects with oral cancer.

Therefore, the objectives of this study were to
describe the sociodemographic and clinical features of
oral cancer and analyze the spatial distribution of the
disease in relation to the neighborhood socioeconomic
status (household income and sanitary conditions) and
the distribution of public primary health care providers.
These patients resided in Belo Horizonte, Brazil and were
referred to the Department of Head and Neck Surgery in
a public hospital of this city from 2005 to 2015.

METHOD

STUDY AREA

The study was conducted in the capital of the state of
Minas Gerais, Belo Horizonte, located in the southeast
of Brazil, with an extension of 331,401 km? of territorial
area. This city is divided into nine administrative units
or regions, has 487 neighborhoods and 2,523,794
inhabitants®.

DATA COLLECTION

This study was approved by the Institutional Review
Board (protocol 1,682,525). A cross-sectional study was
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conducted in the Head and Neck Surgery Department
(HNSD) of the Alpha Institute of Gastroenterology at
the Hospital of Clinics of the Federal University of Minas
Gerais (HC-UFMG), one of the eight public and private
reference centers for head and neck cancer treatment in
Belo Horizonte.

Medical records from the HNSD were identified for
the period from January 2005 to December 2015. Data
were reviewed and analyzed by a single trained researcher.
The study only included records of patients with primary,
histologically confirmed, and previously untreated oral
cavity cancer (OCC) or oropharyngeal cancer (OPC). The
data collected included sociodemographic, clinical, and
histopathologic characteristics, and the variables studied
were age, gender (female/male), skin color as declared by
the patient (Caucasian/brown/black), years of education
(no education/up to 8 years/from 9 to 11 years/more
than 11 years), marital status (married/unmarried), self-
reported home address, smoking status and alcohol use
(yes/no), histopathologic diagnostic, the primary tumor
location (categories C00-C10; International Classification
of Diseases ICD-10). The data were transferred to a
standardized spreadsheet in a secure format.

Records were excluded when diagnosis confirmation,
type of treatment, and home address were missing.

Descriptive data analyses of all variables with the
calculation of proportions, measures of central tendency,
and variability were performed. A binary logistic regression
model was constructed, and the values for unadjusted and
adjusted odds ratios (OR) (CI 95%) were estimated. The
latter was calculated using the Enter method, and only
variables with a p-value of less than 0.05 were maintained
in the final logistic regression model. The Hosmer and
Lemeshow test was employed to evaluate the goodness of
fit. All analyses were developed in an SPSS version 19.0
program (SPSS Inc., Chicago, IL, USA).

ORGANIZATION OF SPATIAL DATABASES

The cases were registered on maps by georeferencing.
The home address of the patients was the reference and
it was converted into points of latitude and longitude,
using an Internet-based mapping engine that relies on
commercial mapping data sources'’. The information
in the Brazilian Demographic Census 2010" was used
to obtain the sociodemographic characterization and
variables. The cartographic bases and tables with the
variables of interest of the census sectors of the city were
grouped per neighborhoods for the comparisons. The
addresses of the public primary health care providers
were obtained from the official website of the local
government and they were converted into points of
latitude and longitude in the same way as the patient’s



addresses. The system of projections and coordinates
UTM was used, and the Datum 69 of South America
for the 23S time zone.

ANALYSIS OF THE RANDOMNESS AND THE DENSITY OF POINTS

The spatial analysis was carried out through the
program R", using the rgdal', plyr', rgeos' and
maptools".

Ripley’s K function was used for the analyses of level of
aggregation and determined whether cases were randomly
distributed or tend to be more concentrated in certain
regions®. Monte Carlo simulations were performed to
construct the confidence intervals, with a confidence
level of 99%. The area of influence of 5,000 meters was
adopted. The hypothesis of complete randomness in
the spatial distribution of points is accepted if the curve
is inside the envelope. If it is above the upper limit of
the envelope, there are indications that the cases are in
aggregate manner.

The Kernel density estimation was performed to
produce a map of intensity, providing better observation
of the spatial distribution pattern of the cases in Belo
Horizonte. The Kernel function is a spatial interpolation
method; it determines the intensity of occurrences of
an event in a region. This function studies the regions
where the process occurs and those where there was no
real occurrence, in order to establish the spatial density
and to identify surfaces with higher aggregation?'. The
Gaussian Kernel function with sigma parameter defined
as 0.013 was used, and the Kernel map resolution is
128x128 pixels.

VARIABLES

Oral Cancer patients are influenced by socioeconomic,
environmental and geographic factors®, and for this
reason, socio-spatial vulnerability conditions not obtained
from medical records were explored. The variables used
were defined by the Brazilian Demographic Census®: low
socioeconomic conditions (number of heads of household
with no monthly income or a minimum monthly
salary of US$290 per number of heads in households)
and residential adequacy characteristics (referring to
households with no water supply, or sewage collecting
system or garbage pickup, or more than 2 residents per
bedroom).

To analyze the relationship between cancer and
geographic access to the health services, the public primary
health care providers of each regional were also included in
the analysis, independent of the type of health care, since
patients with oral cancer can look for either physicians or
dentists for attention®.

Brazilian Socio-Spatial Analysis of Oral Cancer

RESULTS

In total, 300 medical records were evaluated and 127
cases of OPC and OCC were included in this study.
Patients that did not reside in Belo Horizonte (n=153),
and cases without diagnosis of SCC or confirmation
(n=20) were excluded. Males were greatly prevalent
(76.4%), and the average age was 59.5 years old (range:
25-91 years old). Most of the patients were Caucasian
or brown (105/127, 82.7%) and married (45/127,
35.4%). Low educational level was frequent among the
subjects, as 71.6% of the patients had only up to eight
years of formal education. Tobacco smoking and alcohol
use were identified in 89.0% and 80.3% of the patients,
respectively.

OCC accounted for 53.5% of the cases, and the
remaining 46.5% were OPC. Lesions on three or more
anatomic sites were found in 50 (39.4%) patients. The
majority of the subjects presented in the late stage of
the disease, 64.5% were diagnosed with stage III or 1V,
and only 8.7% of the patients were classified in stage I.
More than half of the patients (55.1%) received surgical
treatment.

When OPC and OCC were compared, none of the
variables in the adjusted model presented a statistically
significant difference (Table 1).

In the absence of difference, spatial analysis did not
consider OPC and OCC separately. Northwest, Northeast
and Venda Nova were the administrative areas of the city
with higher prevalence of patients (Figure 1).

Ripley’s K function showed that there was an aggregate
spatial pattern throughout the city. However, cluster
formation occurs in only a few places. Clusters can be
observed on Kernel maps, where they appear in denser
colors in gray (Figure 2).

Income distribution was heterogencous. Most of the
cases of patients with oral cancer were located in areas with
a higher number of residents with no monthly income
or minimum monthly salary (72.4% poor, less than 5
minimum monthly salary; 15% medium-class, 5 to 8.5,
minimum wage and 12.4% high-income neighborhoods,
8.6 minimum wage - deep gray areas, Figure 3).
The distribution in relation to residential adequacy
characteristics is similar to the household income. Oral
cancer cases were concentrated in neighborhoods with a
higher number of households with underserved sanitary
conditions.

Finally, a homogenecous distribution of public primary
health care providers and cancer cases are observed in
Figure 4. The red asterisks represent the primary health
care clinics and the black asterisks are the cases of OCC
and OPC. These health care centers are evenly distributed
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Table 1. Factors associated with oropharyngeal cancer, HC-UFMG, 2005-2015

Oral cavity Oropharyngeal

Unadjusted odds ratio

Adjusted odds ratio*

Variables® cancer cancer
N= (%) N= (%) (95% CI) (p-value) (95% CI) (p-value)
Gender
Female 21 (70.0) 9 (30.0) 1
2.482 1.466
Male 47 (48.5) 50(515) (1 033.5.964) 0042 oo ageo) 0438
Age
= 55 years 46 (54.1) 36 (45.9) 1
< 55 years 22 (48.9) 23(511) g 61;13_36770) 0.436
Skin color
Caucasian 32 (59.3) 22 (40.7) 1
Brown 26 (50.9) 2549.1) g 61239027) 0.394
Black 8 (47.0) 9 (53.0) (0‘51'76_%987) 0.379
Years of
education
No education 10 (71.4) 4 (28.6) 1
Up fo 8 years 40 (51.9) 37481) 62'73_;20] 5 0186
From 9 to 11 2.917
voars 12 (46.2) 14(538) (0511 739 0132
More than 11 1.250
Joars 4(66.7) 2333 ) 467.8.013) 0.832
Marital status
Married 27 (60.0) 18 (40.0) 1
Unmarried 38 (50.0) 38(500 7: ']5_201 s 0287
Tobacco use
No 13 (92.8) 1(7.2) 1
13.709 8.009
Yes 55 (48.7) 58(51.3) (; 735.108.331) 013 (0.909.70.504 0061
Alcohol use
No 19 (76.0) 6 (24.0) 1
Yes 49 (48.0) 53 (52.0) 3.425 0.015 1.921 0.244

(1.264-9.279)

(0.640-5.764)

Captions: * Data for some variables are missing; *Hosmer-Lemeshow test p=0.780.

throughout the city offering options of services to the
patients.

DISCUSSION

According to the present study, the profiles of patients
with oral cancer were represented by a diagnostic of oral
squamous cell carcinoma in Caucasian male patients, older
than 59 years old, with low educational level, and intense
use of tobacco and alcohol, with similar distribution
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between OCC and OPC just like other Brazilian studies
have described?*?,

The results provide a visual representation of patients
with oral cancer in Belo Horizonte, showing a cluster
pattern of distribution in the city. Also, after analyzing the
distribution of socioeconomic variables — low income and
home adequacy — it was possible to observe that the majority
of the cases occurred in poor neighborhoods, although these
cannot be pointed out as the unique determining factors for
the occurrence of the cases. Regions with highest prevalence
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Figure 1. Distribution of cases of oral and oropharyngeal cancer. Belo Horizonte, Brazil, January 2005 to December 2015
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Figure 2. Kernel density estimation of cases of oral and oropharyngeal cancer according to the location of the residence. Belo Horizonte,
Brazil, January 2005 to December 2015
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Figure 3. Concentration of oral and oropharyngeal cancer weighted for socioeconomic conditions and the infrastructure of the residences.
Belo Horizonte, Brazil, January 2005 to December 2015
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Figure 4. Distribution of public primary health care providers and oral and oropharyngeal cancer cases. Belo Horizonte, Brazil
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were also the administrative units with the lowest average
per capita income®.

Therefore, these results suggest the presence of
inequalities in individuals with oral cancer treated at HC-
UEMG. In this scenario, economic factors may possibly
be the cause in the randomly distribution of cancer cases
in the city, with areas showing higher concentrations
than others. As seen in this study, an investigation of
socioeconomic inequities in patients with this type
of cancer from 1975 to 2012 developed in Scotland,
demonstrated that economically disadvantage areas of the
country showed higher rates of incidence®.

These results strengthen the idea that individual
economic position and geographical area of residence are
important factors that influence the observed disparities
in the prevalence of head and neck cancer, like the oral
cancer””. As well as individual socioeconomic status,
contextual effects of deprived areas help to increase the
susceptibility of an individual to develop the disease'. For
example, a systematic review demonstrated that health risk
behaviors for oral cancer, as smoking, are more prevalent
in adults who live in poor-resources neighborhoods?.
Moreover, the present investigation reinforces the utility
and importance of using geographic information system
to elucidate the influence of these variables.

The results of this study showed homogeneity in the
distribution of public primary health care providers in
Belo Horizonte and therefore the areas with the highest
number of cases had the same numbers of care centers
as those with few cases. This result differs from a survey
conducted in the city of Atlanta, Georgia, United States.
It showed that in general, patients with head and neck
cancer live in low socioeconomic neighborhoods with few
available health services providers’.

This homogeneous distribution can be explained by
the design of the basic health network in Belo Horizonte,
the allocation of health care services is performed in
accordance with the health vulnerability index (HVI)¥
and criteria such as population access to services and
geographical barriers. The HVI shows the inequities
of different social groups and identifies areas with an
unfavorable socioeconomic condition to prioritize the
allocation of resources™.

Despite the availability of public primary care centers
in the regions of residence of the patients, the diagnosis
remains late. This situation can be explained by the fact that
geographical access is not the only factor that influences
access to health services. Factors such as availability,
acceptability, and quality of services are associated®'*%. For
example, an impediment to the use of public basic health
services is the overlapping of appointments of clinical
services and patients’ working shift.

Brazilian Socio-Spatial Analysis of Oral Cancer

On the other hand, the simple existence of the service
does not mean an effective diagnosis, for example, in this
study the majority of the patients were diagnosed at stage
[Iand IV. The lack of recognition of risk factors and initial
symptoms by patients and professionals, the absence of
effective preventive campaigns, and the professional’s
inability to detect potentially malignant lesions and cancer
make difficult the early diagnosis®.

It is important to emphasize that the interpretation
of the results of this study is complex since the
socioeconomic data are aggregated, and there may be
important differences between the individuals of the same
neighborhood that couldn’ be perceived, so the findings
should be interpreted with caution®.

Studies using medical records have the advantage of
providing information at a low cost; however, collected
data are dependent of how complete the information
is. Furthermore, this study represents the situation and
the profile of patients that seek medical attention in
a public hospital in Belo Horizonte, a city with eight
other public and private reference hospitals. In despite
of these limitations the results described in this paper are
compatible with the literature. Nevertheless, conclusions
should be drawn carefully.

Continuity of this study involving oral cancer
patients treated in other public and private hospitals
of Belo Horizonte, with the evaluation of individual
economic situation associated with the socioeconomic
characteristics of the neighborhoods is important
for a better understanding of the socio-geographical
circumstances that interfere in the disparities of patients
with OCC and OPC®.

Also, the information from geospatial analysis could
be useful for policymakers in the implementation of
place-specific control and preventive policies focused in
high risk populations®.

CONCLUSION

The spatial distribution of oral cancer patients treated
in the HC-UFMG is not random; cases are concentrated
in regions with low socioeconomic conditions compared
to others in the city. Although the patients have geographic
accessibility to basic health services, cancer continues to
be diagnosed late.

CONTRIBUTIONS

Maria Céssia Ferreira de Aguiar, Leticia Cavalari
Pinheiro, and Andrea Lépez Soto participated in the
conception and design of the study. Alexandre de Andrade
Souza, Carlos José de Paula Silva, Patricia Carlos Caldeira

Revista Brasileira de Cancerologia 2020; 66(3): e-061029



Soto AL, Sousa AA, Pinheiro LG, Silva CJP, Abreu MHNG, Caldeira PC, Aquiar MCF

and Mauro Henrique Nogueira Guimaries de Abreu also
participated of the study planning. Maria Cdssia Ferreira
de Aguiar, Patricia Carlos Caldeira, Leticia Cavalari
Pinheiro and Andrea Lépez Soto drafted the article.
All the authors assisted in the acquisition, analysis and
interpretation of data, revised the article and approved
the final version of the article to be published.

CONFLICTS OF INTERESTS

The authors declare there is no conflict of interests
of any kind.

FUNDING

This study was supported by the National Council
for Scientific and Technological Development (CNPgq,
Brazil) and The Minas Gerais State Research Support
Foundation - FAPEMIG (FAPEMIG, Brazil).

REFERENCES

1. Instituto Nacional de Cancer José Alencar Gomes da
Silva. Estimativa 2020: incidéncia de cincer no Brasil
[Internet]. Rio de Janeiro: INCA; 2019 [acesso 2020
abr 16]. Disponivel em: https://www.inca.gov.br/sites/
ufu.sti.inca.local/files/media/document/estimativa-2020-
incidencia-de-cancer-no-brasil.pdf

2. Johnson NW, Jayasckara B, Amarasinghe AAT. Squamous
cell carcinoma and precursor lesions of the oral
cavity: epidemiology and actiology. Periodontol 2000.
2011;57(1):19-37. doi: hteps://doi.org/10.1111/j.1600-
0757.2011.00401.x

3. Warnakulasuriya S. Causes of oral cancer -- an appraisal
of controversies. Br Dent J. 2009;207(10):471-5. doi:
hteps://doi.org/10.1038/sj.bdj.2009.1009

4. Gourin CG, Podolsky RH. Racial disparities in
patients with head and neck squamous cell carcinoma.
Laryngoscope. 2006;116(7):1093-106. doi: https://doi.
0rg/10.1097/01.mlg.0000224939.61503.83

5. Moore CE, Warren R, Maclin SD Jr. Head and neck
cancer disparity in underserved communities: probable
causes and the ethics involved. J Health Care Poor
Underserved. 2012;23(4 Suppl):88-103. doi: https://
doi.org/10.1353/hpu.2012.0165

6. Ahmed S, Shahid RK. Disparity in cancer care: a Canadian
perspective. Curr Oncol. 2012;19(6):e376-¢382. doi:
https://doi.org/10.3747/c0.19.1177

7. Auluck A, Walker BB, Hislop G, et al. Population-
based incidence trends of oropharyngeal and oral cavity
cancers by sex among the poorest and underprivileged
populations. BMC Cancer. 2014;14:316. doi: hteps://
doi.org/10.1186/1471-2407-14-316

Revista Brasileira de Cancerologia 2020; 66(3): e-061029

8. Kim D, Zhang Y, Lee CK. Understanding needs and
barriers to using geospatial tools for public health
policymaking in China. Geospat Health. 2018;13(1):594.
doi: hteps://doi.org/10.4081/gh.2018.594

9. Rereddy SK, Jordan DR, Moore CE. Dying to be
screened: exploring the unequal burden of head and neck
cancer in health provider shortage areas. ] Cancer Educ.
2015;30(3):490-496. doi: https://doi.org/10.1007/
s13187-014-0755-2

10. Bryere ], Menvielle G, Dejardin O, et al. Neighborhood
deprivation and risk of head and neck cancer: a multilevel
analysis from France. Oral Oncol. 2017;71:144-49. doi:
hteps://doi.org/10.1016/j.oraloncology.2017.06.014

11.Zhang H, Dziegielewski PT, Jean Nguyen TT, et al.
The effects of geography on survival in patients with
oral cavity squamous cell carcinoma. Oral Oncol.
2015;51(6):578-85. doi: https://doi.org/10.1016/j.
oraloncology.2015.03.012

12. Zevallos JP. International head and neck cancer
epidemiology consortium: update No. 22. Head Neck.
2017;39(1):191-2. doi: hteps://doi.org/10.1002/
hed.24510

13. Instituto Brasileiro de Geografia e Estatistica [Internet].
Rio de Janeiro: IBGE; c2020. Censo 2010; 2010 [acesso
2017 mar 15]. Disponivel em: https://censo2010.ibge.
gov.br/

14. Lamont EB, Hayreh D, Pickett KE, et al. Is patient travel
distance associated with survival on phase II clinical trials
in oncology? J Natl Cancer Inst. 2003;95(18):1370-5.
doi: https://doi.org/10.1093/jnci/djg035

15. R: alanguage and environment for statistical computing.
Viena (AT): R Foundation for Statistical Computing.
2018 [cited 2018 Mar 18]. Available from: https://
www.R-project.org.

16. rgdal: Bindings for the ‘Geospatial’ Data Abstraction
Library [Internet]. Version 1.5-12. [place unknown]:
[CRAN]. 2016 [cited 2017 Mar 15]. Available from:
http://cran.r-project.org/web/packages/rgdal/index.html

17. Wikham H. The Split-Apply-Combine strategy for data
analysis. J Stat Softw. 2011;40(1):1-29. doi: hetps://doi.
org/10.18637/jss.v040.i01

18. Baddeley A, Rubak E, Turner R. Spatial Point Patterns:
methodology and applications with R. London: CRC
Press; 2015.

19. maptools: Tools for Reading and Handling Spatial
Objects [Internet]. [place unknown]: [CRAN]. 2017
[cited 2017 Mar 15]. Available from: http://cran.r-
project.org/package=maptools

20. Ripley BD. Modelling spatial patterns. ] R Stat Soc
Series B Stat Methodol [Internet]. 1977 [cited 2018
Mar 24];39(2):172-212. Available from: https://www.
jstor.org/stable/2984796

21. Bailey TC, Gatrell AC. Interactive spatial data analysis.
London(UK): Routledge; 1995.



22. Faria PR, Cardoso SV, Nishioka SA, et al. Clinical
presentation of patients with oral squamous cell carcinoma
when first seen by dentists or physicians in a teaching
hospital in Brazil. Clin Oral Investig. 2003;7(1):46-51.
doi: https://doi.org/10.1007/s00784-002-0181-4

23. Andrade JOM, Santos CAST, Oliveira MC. Associated
factors with oral cancer: a study of case control in a
population of the Brazil’s Northeast. Rev Bras Epidemiol.
2015;18(4):894-905. doi: https://doi.org/10.1590/1980-
5497201500040017

24. Curado MP, Johnson NW, Kerr AR, et al. Oral and
oropharynx cancer in South America: incidence,
mortality trends and gaps in public databases as
presented to the Global Oral Cancer Forum. Transl
Res Oral Oncol. 2016;1:1-7. doi: hteps://doi.
0rg/10.1177/2057178X16653761

25. Cidades@: sistema agregador de informacoes sobre os
municipios e estados do Brasil [Internet]. Rio de Janeiro:
IBGE. 2017 [acesso 2017 mar 15]. Disponivel em:
htep://cidades.ibge.gov.br/v4/brasil/mg/belo-horizonte/

panorama

26. Purkayastha M, McMahon AD, Gibson ], et al. Trends
of oral cavity, oropharyngeal and laryngeal cancer
incidence in Scotland (1975-2012) - A socioeconomic
perspective. Oral Oncol. 2016;61:70-75. doi: https://
doi.org/10.1016/j.oraloncology.2016.08.015

27.Megwalu UC. Impact of county-level socioeconomic
status on oropharyngeal cancer survival in the United
States. Otolaryngol Head Neck Surg. 2017;156(4):665-
70. doi: https://doi.org/10.1177/0194599817691462

28. Algren MH, Bak CK, Berg-Beckhoff G, et al. Health-risk
behaviour in deprived neighbourhoods compared with
non-deprived neighbourhoods: a systematic literature
review of quantitative observational studies. PLoS One.
2015;10(10):¢0139297. doi: https://doi.org/10.1371/
journal.pone.0139297

29.Janudrio GC, Alves CRL, Lemos SMA, et al. Indice
de vulnerabilidade a satde e triagem auditiva neonatal:
diferenciais intraurbanos. CoDAS. 2016;28(5):567-74.
doi: https://doi.org/10.1590/2317-1782/20162015182

30. Prefeitura de Belo Horizonte (BH) [Internet]. Belo
Horizonte: Prefeitura de Belo Horizonte; [data
desconhecida]. Indice de vulnerabilidade da satide
(IVS-BH); 2013 [acesso 2017 mar 15]. Disponivel em:
http:// https://prefeitura.pbh.gov.br/saude

31. Travassos C, Martins M. A review of concepts in health
services access and utilization. Cad Satide Publica.
2004;20(Suppl 2):190-8. doi: hteps://doi.org/10.1590/
S0102-311X2004000800014

32.Bonello AADLM, Corréa CRS. Acesso aos servicos
bésicos de satide e fatores associados: estudo de base
populacional. Ciénc Satde Coletiva. 2014;19(11):4397-
4406. doi: hrttps://doi.org/10.1590/1413-
812320141911.13922013

Brazilian Socio-Spatial Analysis of Oral Cancer

33. Santos 1V, Alves TDB, Falcao MML, et al. O papel do
cirurgido-dentista em relagao ao cincer de boca. Odontol
Clin-Cient. 2011;10(3):207-10.

34, Santos VCB, Assis AMA, Silva LE, et al. Cancer de
boca: andlise do tempo decorrido da detecgdo ao inicio
do tratamento em Centro de Oncologia de Macei6. Rev
Bras Odontol. 2012;69(2):159-64. doi: https://doi.
org/10.18363/rbo.v69n2.p.159

35.Berkman LE Kawachi I, editors. Social epidemiology.
New York: Oxford University Press; 2000. Chapter
14, Ecological approaches: rediscovering the role of the
physical and social environment; p. 332-48.

36. Walker BB, Schuurman N, Auluck A, et al.
Suburbanisation of oral cavity cancers: evidence from a
geographically-explicit observational study of incidence
trends in British Columbia, Canada, 1981-2010.
BMC Public Health. 2015;15:758. doi: https://doi.
org/10.1186/s12889-015-2111-9

Recebido em 8/5/2020
Aprovado em 22/6/2020

Revista Brasileira de Cancerologia 2020; 66(3): e-061029



