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ABSTRACT
Cancer has become a global issue, ranking second in importance in the disease of the
population, according to United Nations, after the cardiovascular diseases.
Spatialization of the phenomenon brings additional knowledge, both to identify the
cancerous areas and to establish the relationships with the possible determinants.
This article presents an overview on the distribution of cancer prevalence on the territory
of Romania, at the level of territorial administrative unit and at county level.
The database used is provided by the Ministry of Health, comprising both the prevalence
and oncological mortality for the period 2008-2017, respectively 2008-2016, after the
accession of Romania to the European Union the responsible institutions being obliged
to centralize and update all medical records.
The processed database is used to perform both statistical analysis and to create spatial
models, using GIS technology.
As a result of this study, a clear vision was obtained on the distribution of cancer,
highlighting the carcinogenic geographical areas with maximum values, located in the
big urban centers and in the highly industrialized areas.
Keywords: cancer, spatial distribution, GIS, public policies.
INTRODUCTION
Cancer is considered one of the main reasons for the disease of the population along with
the cardiovascular diseases and at the same time one of the main causes of death of the
population, in 2018 being registered over 9.6 million deaths, more precisely, one of 6
deaths has place due to cancer, and 70% of these situations occur in countries whose
incomes are low or medium [1].
The research of this topic aims to identify the geographical conditionality of the
occurrence and development of cancerous tumors for a better understanding of the causes
that lead to these diseases. In this sense, there are numerous studies in the literature that
try to integrate the spatial side of cancer for a broader view of the behavior of the disease
depending on certain geographical conditions. The conclusions reached by the authors of
the respective papers are the basis of new hypotheses regarding the possible causes of
cancer cases formation and evolution, as well as the realization of public policies
precisely according to these geographical disparities [2].
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Regarding this subject, the development of Geographic Information Systems and their
correlation with medical data have helped the development of strategies for maintaining
the public health through surveillance, risk assessment, disease analysis and prevention
[3] being represented as spatial models.
Analyzing the specialty literature, we find that the occurrence of cancer is due to the 3
major factors, namely, the genetic, behavioral factor and the environment [4]. The genetic
factor has been considered the main category of triggering factors for a long time, but
studies over certain time periods show that there are no major changes in the number of
diseases. Even in the case of the behavioral factor, small increases are observed [5].
Responsible for 50% of the cases, it is the environmental factor, in the broad sense of the
word, that is, everything that is not considered hereditary [6].
When we talk about the geographical distribution of cancer cases, geography has a special
role in understanding the behavioral factors, in understanding the medical science. Once
introduced in the analysis of cancer cases, GIS technology has helped to develop models
for each type of cancer, later used for public policy [7], [8]. This new approach to medical
data has been an important step in the distribution of oncological prevalence and at the
same time the possibility of processing a huge amount of data in a relatively short time
[9], [10]. The introduction of geographic information systems (GIS) allowed the
development and analysis of spatial models with the spread of cancer, which made it
easier to understand the relationships established between cancer and socio-economic
factors and between cancer and the environment [11]. In addition, the spatial
representation of cancer is an essential element in order to be able to realize or modify
the public policies that have the role of preventing, combating and treating this disease
[12], [13], [14], [15], [16], [17], [18]. In order to use geographic information systems and
to achieve realistic results, it is necessary to analyze three main components, the
geospatial component, the environmental component and the epidemiological component
[19].
The lack of relevant data, verified and corrected, at a detailed level, depending on the
level at which the analyzes are to be performed, is a major impediment. Knowing the
current state of cancer distribution, new approaches are needed to help understand the
factors underlying the tumor triggering.
METHODOLOGY
Study area
This study starts from a medical database reported at national level, at the level of the
3181 territorial administrative units that constitute the surface of Romania (figure 1). This
database is represented for a period of 10 years, starting with 2008, a period that coincides
with Romania's accession to the European Union (2007). This period is not chosen by
chance, but because before the country joined the European Union, the medical data
differed from one institution to another, and after accession all these medical records were
centralized and updated by specialized persons.
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Figure 1. Development regions and counties of Romania

Statistical data used
The medical data were initially represented in the form of medical records, and then
transformed into a national coverage database represented at the level of territorial
administrative unit for both the number of registered cases (prevalence) for the period
2008-2017, as well as for the number of deaths due to one or more types of cancer
(oncological mortality) for a period of 9 years, 2008-2016. The database is divided
according to the international classification on 3 levels as follows:
- Level I Malignant tumors (C00-C96),
- Level II malignant tumors, declared or presumed to be primary, with specified
locations except those of lymphoid, hematopoietic and related tissues (C00-C75);
malignant tumors with poorly defined, secondary and unspecified (C76-C80)
malignant tumors of lymphoid, hematopoietic and related tissues (C81-C96),
- Level III representing tumors located at the level of each organ or group of organs:
C00 - C14 Malignant tumors of the mouth, mouth and pharynx;
C15 - C26 Primary malignancies located in the digestive organs;
C30 - C39 Malignant tumors of the respiratory and intrathoracic organs;
C40 - C41 Malignant tumors of bone and joint cartilage;
C43 - C44 Melanoma and other malignant skin tumors;
C45 - C49 Malignant tumors of mesothelial and soft tissues;
C50 Malignant tumors of the breast;
C51 - C58 Malignant tumors of female genitalia;
C60 - C63 Malignant tumors of male genitalia;
C64 - C68 Malignancies of urinary tract;
C69 - C72 Malignant tumors of the eye, brain and other parts of the central
nervous system;
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C73 - C75 Malignant tumors of the thyroid and other endocrine glands.
For this material, the weights of the total number of cancer cases and sex were
calculated (C00-C96).
Spatial modeling of cancer cases in Romania
For the graphic component was used a medical database with national coverage, provided
by the Ministry of Health regarding the total number of cancer cases (code C00-C95) total
and by sex. For the realization of the spatial models, several steps have been taken,
assuming the aggregation of all types of cancer according to the international
classification, at the level of territorial administrative unit and the spatialization of the
data in graphic form using a GIS software. Starting with the processing of the initial
medical records, with the help of a relational database system RDBMS- PostgreSQL, the
database used is then generated, which allows multiple records. The processing of
medical records in SQL which involves the aggregation and pivoting of data is performed
in an unknown interval, depending on the hardware configuration used to perform these
processes. Following the processing results in tabular data exported later in .xls format in
order to be used in the graphic and cartographic situations.
A final step involves making spatial models by connecting to the cancer incidence
database using a GIS software, respectively QuantumGIS, in order to assign the registered
value to each territorial administrative unit. The data are classified in 4 ranges of values
expressed in percentages and represented cartographically in gray tones, high values with
open tones, towards white, and small values with dark tones, towards black. Thus, the
prevalence of cancer was represented by the total number of cases, the number of cases
corresponding to the female population and the male population in the form of 30
cartographic materials specific to the period 2008-2017.
RESULTS
Cancer prevalence in Romania
Table no. 1 shows the evolution of the number of persons diagnosed between 2008-2017,
total values (Pt) and values by sex (Pf, Tm), for C00-C96 malignancies and structurally
for C00-C75, C76-C80 and C81-C96. The structural analysis shows the predominance of
the C00-C75 category, where 77.9% of the malignancies registered in Romania fall in
2000, and 78.3% at the end of the analyzed period.
Table 1. The cancer situation in Romania
Pt (C00-C96), persoane
Pf (C00-C96) persoane
Pm(C00-C96) persoane
Pt (C00-C75) persoane
Pf (C00-C75) persoane
Pm (C00-C75) persoane
C00-C75)/(C00-C96) %
Pt (C76-C80) persoane
Pf C76-C80) persoane
Pm (C76-C80) persoane
(C75-C80)/(C00-C96) %
(Pt)Total (C81-C96) pers.
Pf (C81-C96) persoane
Pm (C81-C96) persoane
(C81-C96)/(C00-C96) %

2008
320346
157524
162822
249423
122256
127167
77.9
24002
12974
11028
7.5
46921
22294
24627
14.6

2009
329118
159701
169417
253425
122289
131136
77.0
28177
14877
13300
8.6
47516
22535
24981
14.4

2010
325624
156600
169024
253471
121376
132095
77.8
23863
12436
11427
7.3
48290
22788
25502
14.8

2011
314752
149920
164832
241897
113360
128537
76.9
25796
13952
11844
8.2
47059
22608
24451
15.0

2012
302438
143773
158665
232342
108675
123667
76.8
24466
13507
10959
8.1
45630
21591
24039
15.1

2013
309699
148017
161682
236307
111159
125148
76.3
26055
14057
11998
8.4
47337
22801
24536
15.3

Data source: Ministry of Health
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2014
304364
145083
159281
232837
109737
123100
76.5
26948
14358
12590
8.9
44579
20988
23591
14.6

2015
283869
132649
151220
220947
102314
118633
77.8
23555
12228
11327
8.3
39367
18107
21260
13.9

2016
276560
129078
147482
217032
100479
116553
78.5
21708
11227
10481
7.9
37820
17372
20448
13.7

2017
271799
127128
144671
212720
98666
114054
78.3
21545
11006
10539
7.9
37534
17456
20078
13.8
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Geographic distribution of the prevalence of malignancies (C00-C96)
Following the analysis of the 3 images (Figure 2, Figure 3 and Figure 4), and the database
used, regarding the spatial distribution of the prevalence of malignancies (category I C00C96) total, female and male from 2008-2017 it is possible to observe areas in which the
value registered belonging to the last interval or the last one is maintained throughout the
period, as well as areas in which the most cases are registered per 1000 inhabitants.
Extreme values were registered in localities such as Bărăganu from Constanța county,
257% in 2009, reaching 12% in the last analyzed year; Doftana from Bacau county 110%
in 2008, decreasing value, 10% in 2017; Ulmu locality from Calarasi county, 108% in
2008, 86% in 2017.
A number of localities were noted by values of over 25% recorded during the whole
period analyzed, Ulmu (Calarasi county) 108% in 2008, 97% in the following year,
reaching 86% in 2017; Colonesti (Olt county) 63% in 2008 reaching 120% in 2014 and
falling to 73% by 2017; Gorbănesti (Botosani county), 46% in 2008, 54% in 2012,
decreasing to 31% in 2017; Cezieni (Olt County) registers 43% in 2008, with the highest
value in 2009, 47%; Maciuca from Valcea county registers 42% in 2008 and 44% in 2017;
the town of Iancu Jianu from Olt county registered a weight of 33% in 2008, reaching
136% in 2013 and 54% in the last analyzed year.
The localities in which there were registered values of the weight below 5% are: Baile
Govora (Valcea county) 1% in 2007; Horlesti (Iasi County) 3.2% in 2017, Mitoc
(Botosani County) 0.5% in 2017, Cristesti (Mures County) 1.2% in 2017 etc.
In Figure 3 we have represented the geographical distribution of the prevalence of
malignant tumors for the female population from which we observed the following:
Values that exceed the last threshold, 13% during the whole analyzed period are located
in localities such as: Colonesti from Olt county 36% in 2008 , the largest share being
registered in 2014 (57%), and in 2017 it reaches 41%. Ulmu city from CAlarasi county
registers 29% of inhabitants in 2008, reaching 27% in 2017. Corlateni city (Botosani
county) registers 45% in 2014, having a downward trajectory, until 2017 reaching 22%.
There are a number of localities whose weight is below the first range, less than 2% printer
that we remember of Vladesti (Arges county) with a weight of 0.6 cases per 1000
inhabitants in 2017, Prajești locality from Bacău county with a weight of 0.4% in 2015,
Movileni from Iasi county with a maximum weight of 1.5% in 2011, Chirnogi (Calarasi
county) with 0.4% in 2017.
Figure 4 shows the geographical distribution of the prevalence of malignancies for the
male population. In the following localities, a weight of over 13% is maintained for the
whole analyzed period: Ulmu (Calarasi county) 78% in 2008, reaching 58% in 2017,
Brancoveanu (Olt county) 19% in 2008, 25% in the year 2013 and 18% in the last
analyzed year, Maciuca (Valcea county) 18% in 2008 with an upward trend reaching 33%
in 2017. Some of the localities with a weight of less than 2% are: Horlesti (county) Iasi)
with 1.6% in 2008, Mitoc (Botosani county) 0.5% 2016 reaching 0% in the last analyzed
year, Cristesti (Iasi county) with a weight of 0.2% in 2017 etc.
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Figure 3. Geographic distribution of the prevalence of malignant tumors (C00-C96) -total (persons).
Source: Ministry of Health
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Figure 4. Geographical distribution of the prevalence
of malignant tumors (C00-C96) -feminine (persons).
Source: Ministry of Health
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Figure 5. Geographical distribution of the prevalence
of malignant tumors (C00-C96) -muscle (persons).
Source: Ministry of Health
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CONCLUSIONS
A common conclusion I have observed in the specialty literature is that not having a
correct database, at a detailed level for the analysis, is a major impediment. For a better
understanding of the determinants of cancer and for the realization of public policies for
cancer prevention and control, it is necessary to introduce new approaches, spatial
modeling being one of these new approaches, bringing an increase in the understanding
of the relationships of those environmental factors and cancer for the territory of
Romania. This study represents the first approach in terms of spatial distribution, the lack
of relevant data, centralized at the level of each territorial administrative unit made it
impossible to conduct such a study.
The results show that the highest carcinogenic concentrations were in close connection
with the major urban centers, but also the large industrial areas of the country, through
the huge quantities of pollutants emitted during the periods when they were operating at
maximum capacity.
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