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Introduction

Cancer is one of the most important causes of death 
in the world. Globally there are 14 million new cases of 
cancer recorded each year, of which approximately 8.2 
million cause death (Bernard and Christopher, 2014). In 
Iran, cancer is the third leading cause of death after cardiac 
diseases and injuries caused by accidents (Mousavi et 
al., 2009). Furthermore, gastrointestinal tract cancers are 
among the most common cancers in Iran and comprise 
approximately 38% of all reported cases of cancer.
(Mohebbi et al., 2008) 14% of all deaths are attributed to 
cancer throughout the country, of which gastrointestinal 
tract cancers contribute approximately 44.4% (Yazdanbod 
et al., 2004).

Studying geographical differences among chronic 
diseases and research about risk factors that contribute 
to these differences have a long history in epidemiology.
(Doll, 1980) The purpose of mapping studies related to 
disease distribution is to determine spatial differences 
in terms of risks for occurrence of diseases. This work 
was done to assess and quantify spatial heterogeneity 
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	 Background: Gastrointestinal tract cancers are among the most common cancers in Iran and comprise 
approximately 38% of all the reported cases of cancer. This study aimed to describe the epidemiology and to 
investigate spatial clustering of common cancers of the gastrointestinal tract across the counties of Iran using 
full Bayesian smoothing and Moran I Index statistics. Materials and Methods: The data of the national registry 
cancer were used in this study. Besides, indirect standardized rates were calculated for 371 counties of Iranand 
smoothed using Winbug 1.4 software with a full Bayesian method. Global Moran I and local Moran I were 
also used to investigate clustering. Results: According to the results, 75,644 new cases of cancer were nationally 
registered in Iran among which 18,019 cases (23.8%) were esophagus, gastric, colorectal, and liver cancers. 
The results of Global Moran’s I test were 0.60 (P=0.001), 0.47 (P=0.001), 0.29 (P=0.001), and 0.40 (P=0.001) for 
esophagus, gastric, colorectal, and liver cancers, respectively. This shows clustering of the four studied cancers 
in Iran at the national level. Conclusions: High level clustering of the cases was seen in northern, northwestern, 
western, and northeastern areas for esophagus, gastric, and colorectal cancers. Considering liver cancer, high 
clustering was observed in some counties in central, northeastern, and southern areas. 
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for cancer diseases and to determine existing patterns 
in order to identify areas at low or high risk from clues 
about possible causes of cancer diseases in areas ranked 
with higher prevalence (Best et al., 2005). Standardized 
rates of morbidity and mortality were ranked and marked 
by color on maps to show risk of diseases. There is high 
heterogeneity of populations that may lead to different 
estimates of relative risk, particularly in sparsely populated 
areas and conventional modeling methods do not always 
consider spatial correlation between observations.  
Accordingly, various methods have been suggested to 
overcome this problem (Clayton and Kaldor, 1987; Besag 
et al., 1991; Rytkonen, 2004).

Smoothing or modeling methods are usually used for 
producing reliable estimates across different geographical 
regions. Spatial correlation of such observations requires 
application of reliable estimates to models in order to 
preserve data in a hierarchical structure. Therefore, 
generalized or Bayesian models that take into account 
correlations among data are used for maximum efficiency 
in such studies (Lawson et al., 2000; Lawson et al., 2003). 
These models consider previous information on variability 
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rate of disease occurrence across areas using the number 
of diseases observed in each area. These models also 
consider spatial correlation for rate of occurrence of 
diseases among neighboring areas (Lawson et al., 2003). 
Achieving robust and direct estimates of neighboring 
areas, due to estimating stable and reliable nodes and better 
quantification for variance of estimators, are among the 
most prominent advantages of Bayesian models compared 
to other methods (Lawson et al., 2003; Wakefield, 2007; 
Banerjee et al., 2014). Bayesian type models, including 
full Bayes and empirical Bayes models that full Bayes 
are capable of obtaining estimates of higher accuracy 
(Bernardinelli and Montomoli, 1992).

Incidence of cancer including gastrointestinal tract 
type cancers is not uniformly distributed across different 
parts of Iran (Ansari et al., 2006; Malekzadeh et al., 2009; 
Sadjadi et al., 2010). Knowledge of spatial patterns of 
diseases can be useful for planning disease prevention and 
control. Techniques of exploratory spatial data analysis 
(ESDA) introduce a set of tools and techniques that 
are helpful for investigating spatial patterns of diseases 
(Anselin, 1994). ESDA map geographical differences, 
identify locations with outlier and disease clustering 
(Anselin, 1999; Anselin and Getis, 2010). Measuring 
spatial autocorrelation constitutes an important part of 
ESDA and the Moran I Index is the most commonly used 
statistics device applied to measure spatial autocorrelation 
(Anselin and Getis, 2010). Bayesian and ESDA smoothing 
methods are often used to describe spatial epidemiology 
of diseases in different studies (Mohebbi et al., 2008; 
Abdullayev et al., 2012; Zhang et al., 2014). 

This study was conducted to describe the epidemiology 
and to investigate spatial clustering of common cancers of 
the gastrointestinal tract across the counties of Iran using 
the Full Bayesian smoothing method and the Moran I 
Index statistic.

Materials and Methods

Data collection
The registration system for reporting incidence of 

cancer in Iran began in 1984 when a law was passed that 
made it compulsory to report cases of cancer. Data on 
patients with cancer was recorded in the system in two 
ways; one through reports from pathological centers and 
the other through a system based on population records, 
whereby information was collected from mortality 
registers, hospital records, therapeutic health centers, and 
specialist physicians’ clinics. In total, 589 centers collected 
data on first and last names, age, gender, residence, 
anatomical location of the cancer and morphology and 
grade of the tumor, through special forms designed for this 
purpose. Collected data were sent to the county’s health 
center where information was checked and then corrected 
and modified if it was found to be incomplete. Data was 
then entered onto the software used for registration of 
cases of cancer. Data was transferred from the county 
to the provincial health center. In provincial health 
centers, data collected for the whole county was checked 
once again and any duplicated data was removed in the 
provincial center and transferred to the National Office 

of Cancer. The process of removing duplicated data on 
all data collected from across the whole country was 
implemented in the National Office of Cancer and data 
collection was prepared for analysis in the National Office 
for Cancer. It was necessary to remove duplicated data 
because a particular case may have been reported in more 
than one center, such as in different county health centers 
or different provincial health centers. Data on age, gender, 
and county of residence for records of esophagus cancer 
(C15), gastric cancer (C16), colorectal cancer (C18-21) 
and liver cancer (C22)in year of 2010 used in this study 
were collected nationwide in Iran by the above-mentioned 
registration system.

Data analysis
Firstly, Age Standardized Rate (ASR) was calculated 

using direct standardization method and the standard 
population in WHO 2000 for both genders in order to 
compare statistics on cancer in Iran with those for the rest 
of world (Ahmad et al., 2001). Next, in order to compare 
incidences of each type of cancer among the different 
counties of Iran, age and  gender Standardized Incidence 
Ratio (SIR) for each type of cancer were computed using 
state incidences of the same cancer for different counties 
and by using  in standardization method  and STATA 11 
software. However, according to SIR, when there is low 
population in an area ,the number of cases of a disease 
may be zero in that region, and then problems occur 
in the calculations because of the underlying structure 
of data. Therefore, SIR was smoothed in the first stage 
using the method proposed by Besag, York, and Mollie 
(BYM), known as the Full Bayesian estimator (Clayton 
and Kaldor, 1987; Besag et al., 1991; Lawson et al., 
2000). The spatial Poisson model was used with 2 random 
effect components, in this method one of its components 
represented the spatial structured component in a location 
or spatial homogeneity and another was representative of 
changes without a spatial structure or heterogeneity and 
the model is defined as follows:

Oi	 ~	 Poisson (μi Ei)
   log μi= α + bi + hi
Where μi is SIR in a county i, Oi is the observed 

value of any cancer in the county i, and Ei is the 
expected value of a cancer according to indirect 
standardization. hi and bi describe spatial heterogeneity 
and homogeneity respectively, and non-informative 
normal and autoregressive conditional (CAR) prior 
distributions were used for bi and hi respectively (Clayton 
and Kaldor, 1987; Spiegelhalter et al., 2004).

Bayesian statistics software (Winbug 1.4) was used 
to calculate the smoothed SIR by the BYM method 
(Spiegelhalter et al., 2004). For this purpose, the model 
was fitted using the Monte Carlo simulation method 
of Markov chains that operates by choosing previous 
appropriate values for a chain (Best et al., 2005). Initial 
values for stochastic nodes were selected to provide 
disperse initial values without additional over dispersion, 
so that zero value was chosen for the beginning chain for 
the common intercept factor and hi and bi random effects 
(Mohebbi et al., 2008).

After burning 50000 iterations, the next 150,000 
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iterations were used to select any 100 iterations as 
estimates for the smoothed SIR. Convergence of the chain 
was investigated using the coda software package and the 
Geweke test in R software that showed converging and 
static values of iteration (Plummer et al., 2006). Results 
obtained by the Winbug software were transferred into 
the geographical information system software to map the 
smoothed SIR.

Calculations were made using Global Moran’s I and 
Local Moran’s I to detect clustering using Gedoa 1.6.017 
software. Global Moran’s I was used to investigate 
existence of clustering, and Local Moran’s I was used to 
identify counties that had clustering of gastrointestinal 
tract cancers. Neighborhood criterion for adjoining regions 
was considered together.

Results 

75,644 new cases of cancer had been registered 
nationally in Iran and among these 18,019 (23.8%) related 
to four types of cancer; esophagus, gastric colorectal 
and liver cancers. 1583 of patients (8.8%) among the 
mentioned cases of cancer had were registered as having 

unknown county of residence and were excluded from 
analyses related to location. 

Table 1 shows that the highest and lowest ASRs related 
to men with gastric cancer and women with liver cancer 
respectively and that averages for minimum and maximum 
age of incidence related to men with gastric cancer and 
women with colorectal cancer, respectively.

Figure 1 shows smoothed SIR mapping of the four 
studied cancers at national level in Iran. Results of 
the Global Moran’s I test were 0.60 (P=0.001), 0.47 
(P=0.001), 0.29 (p=0.001) and 0.40 (p=0.001) respectively 
for esophagus, gastric, colorectal and liver cancers, which 
show clustering at the national level of Iran for each of 
the four studied cancers and Figure 2 shows local results 
of the Moran I test for cancers and indicates counties with 
high and low level clustering as identified by the map.

Discussion

This study was done to investigate epidemiologic 
characteristics of patients with gastrointestinal tract 
cancers and to investigate geographical distribution of 
such cases at the national level in Iran according to data 
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Figure 1. Mapping of Smoothed Standard Incidence of Esophagus, Stomach, Colorectal and Liver Cancer in 
Iran in 2010

Figure 2. Clustering Map of Smoothed Standard Incidence of Esophagus, Stomach, Colorectal and Liver 
Cancer in Iran in 2010. low- low: clustering or positive autocorrelation and the rate of the disease in the colored regions and 
their neighbors are Low high- high: clustering or positive autocorrelation and the rate of the disease in the colored regions and their 
neighbors are high, high -low: no clustering in the colored region, while the rate of the disease is high in the colored regions but 
low in their neighbors, low- hogh : no clustering in the colored region, while the rate of the disease is low in the colored regions 
but high in their neighbors

Table 1. Crude and Age Adjusted Incidence  of Esophagus, Stomach, Colorectal and Liver Cancer in Iran in 2010  
Cancer	 Crude	 Adjusted incidence	 Age
	 incidence	 (95% confidence interval)	 (Mean ± standard deviation)

	 Male	 Female	 Male	 Female	 Male	 Female

Esophagus 	 4.5	 3.7	 5.2 (5.0 5.5)	 4.3 (4.1 4.5)	 66.4±14.4	 64.7±14.0
Stomach	 13.9	 6.1	 16.3 (15.8 16.8)	 6.9 (6.6 7.2)	 66.8±14.2	 63.9±15.8
Colorectal	 9.1	 7.1	 10.7 (10.3 11.1)	 7.9 (7.6 8.2)	 60.5±16	 58.9±15.7
Liver	 1.7	 1.1	 2 (1.8 2.2)	 1.2  (1.1 1.3)	 61.5±18.5	 61.8±19.9
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relating to the different counties, collected in 2010.
Esophagus cancer: Results of the present study 

demonstrated higher ASR values for men in comparison 
with women and high level clustering of cases was seen 
for cancer of the esophagus in the north, northwest and 
west and northeastern areas.

The results of a study conducted by Mousavi et al 
in 2005-2006 reported age standardized incidences of 
esophagus cancer for men and women at 6.2 and 5.8 per 
100,000 persons respectively, statistics that are close to 
estimates obtained in this study (Mousavi et al., 2009). 
In global terms, esophagus cancer has widespread 
geographical distribution so that its age standardized rate 
was above 100 in some areas of China, 29 among black 
Americans, 24 among French and 3 among American 
Caucasians per 100,000 persons in a population. High 
incidence of esophagus cancer has also been reported in 
some areas of Iran such as Gonbad (Sadjadi et al., 2010). 
However, recent studies conducted in the north show a 
significant decrease relative to the report published in 
1970, but this area of Iran has high incidences of cases 
of esophagus cancer relative to other parts of the country 
(Semnani et al., 2006). Another study conducted by the 
Poisson Kerijing method at the national level in Iran has 
reported many cases of esophagus cancer in northern, 
north western, and north eastern Iran (Asmarian et al., 
2013b). Studies conducted in northern Iran show that 
risk factors were low-level consumption of fresh fruit and 
vegetables, low economic-social status, opium and hot 
tea consumption in this region of Iran (Radmard, 2010). 

Gastric cancer: Results of the present study show 
that ASR was more prevalent in men than in women 
and high level clustering was seen for incidence of 
esophagus cancer in northern, northwestern, western, and 
northeastern regions. Incidences of gastric cancer among 
regions of the world show geographical difference.

High-risk areas, according to rates of age-adjusted 
incidence of over 20 in 100,000 persons per year include 
Japan, China, Brazil, Costa Rica and Korea. Areas with a 
moderate risk and standardized incidence of between 20 
to 10 per 100, 000 persons include England, Germany, 
New Zealand and Turkey. Areas with low risk and adjusted 
incidence of less than 10 include America, Sweden, 
Denmark and India (Cancer, 2009). In spite of a decline 
that has occurred in incidences of gastric cancer in Iran 
during recent years, according to results of the present 
study, Iran is placed in the group of countries with a 
moderate risk of gastric cancer(Malekzadeh et al., 2009). 
Furthermore, different regions of the country also have 
obvious geographical differences. Clustering of cancer 
incidence has been reported in a study conducted in Iran 
in 2008 in counties at the margin of the Caspian Sea 
(Mohebbi et al., 2008). Another study in Ardebil province 
in Iran also showed that the province was a high risk area 
in terms of global statistics (Sadjadi et al., 2003) and 
another study investigated the status of the gastric cancer 
among provinces of Iran from 2004 to 2009 as clustering 
of incidences and showed that gastric cancer had clustering 
status in northern, north-western and western provinces 
(Kavousi et al., 2014).

It should be noted that the study conducted in Ardebil, 

a high-risk area, has shown that higher rate of cardia 
gastric cancer incidence than non-cardia type of cancer in 
the area and that that this was also evident in other high-
risk areas of the world such as Japan. Furthermore, another 
study has shown that in Iran, in low-risk areas, 85% of 
cases of gastric cancer were non-cardia in these areas 
(Malekzadeh et al., 2009). Several factors such as infection 
of Helicobacter pylori, smoking, high salt consumption 
and inadequate intake of antioxidants were among the 
known risk factors for gastric cancer (Radmard, 2010).

Colorectal cancer: Results of this study show that 
ASR evaluation was higher for men than for women and 
clustering of high cases of the disease were observed in 
the northern counties of Iran. Colorectal cancer is the 
third and second most common type of cancer among men 
and women of the world, respectively, which in terms of 
ranking means that incidence of colorectal cancer in Iran 
is similar to that for global statistics (Jemal et al., 2011). 
Epidemiologic characteristics and age distribution of 
colorectal cancer have abundant geographical differences 
at the global level (Center et al., 2009). A study conducted 
in Iran by Ansari et al has estimated that age standardized 
incidences for both men and women were 8.0 and 7.2 
per 100,000 persons respectively (Ansari et al., 2006); 
in this study, estimates showed slightly higher rates of 
incidence for men, this difference may be because of a 
time difference in conducting the two studies or because 
of difference in data applied to analyses because data used 
in this study covered all provinces but  data from only 5 
provinces was used in the other mentioned study.

Other studies have shown that incidence of colorectal 
cancer is rising in Iran (Moghimi-Dehkordi et al., 2008; 
Atrkar-Roushan et al., 2013). In addition, another study 
has investigated geographical distribution of colorectal 
cancer in Iran, according to county by the Poisson Kerijing 
method and demonstrated high incidence of colorectal 
cancer in northern and central areas of Iran, and low 
incidence in the southeast, which corresponds with the 
results of this study(Asmarian et al., 2013a). High total 
energy consumption, consumption of animal fat, low fiber 
intake and lack of physical activity were identified as the 
most important risk factors for colorectal cancer (Somi 
et al., 2014).

Liver cancer: Comparison showed that ASR of this 
cancer was higher in men than in women. In addition, this 
type of cancer showed high clustering for disease cases in 
some counties of central, northeastern and southern areas 
of Iran. This cancer is the sixth most common cancer at 
the global level. Its incidence achieves less than 10 per 
100,000 persons in some North American and Western 
European areas and up to 50 to 150 per 100,000 persons 
in some of African and Asian areas (Parkin et al., 2005). 
Iran with incidence of less than 5 per 100,000 persons, 
it is ranked as a low risk region along with risk of liver 
cancer(Gomaa et al., 2008). The study of Mohebbi et 
al showed no high rate of incidence of liver cancer in 
northern areas of Iran(Mohebbi et al., 2008). Another 
study showed that incidence of liver cancer in southeastern 
Iran was above the national average and our study has also 
reported high level presence of cases by clustering results 
in a few counties (Moghaddam et al., 2010). 
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