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Abstract

Background: The number of new cancer cases in the elderly is growing because of the aging population.
Methods: Cancer data of the elderly (65 years and older) were collected from Iran cancer registry in 2007. Local Moran’s I was used
as a measure of spatial analysis to identify the cluster patterns.
Results: The overall cancer incidence rates were 862.4 and 474.8 per 100,000 in men and women, respectively. Prostate cancer
and breast cancer were the most common types of cancer in men and women, correspondingly. Using the Local Moran’s I tool, we
identified more spatial clusters among men than women. Districts 1, 2, 3 and 6 in the north of Tehran were hot spots for prostate
cancer and district 16 in the south of Tehran was the cool spot for this type of cancer, and districts 1 and 3 were the hot spots for breast
cancer.
Conclusions: More cancer hot spots were located in the north of Tehran where districts are more privileged, and more cool spots
were located in the south of the city where districts are more underprivileged.
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1. Background

The majority of the older population live in develop-
ing countries where the number of older people is pro-
jected to grow by 250 and 71% in developing and devel-
oped countries, respectively within the next 30 years glob-
ally (1). The proportion of people aged over 65 is growing
faster than any other age groups because of both longer
life expectancy and the decline of fertility rates. As pre-
dicted by WHO, Chile, China and the Islamic Republic of
Iran will have a greater proportion of older people than the
United States in 2050 (2). Non-communicable diseases are
responsible for more than 87% of the burden of diseases
and 60% of all cancers diagnosed in the elderly. This could
be explained through the dose-duration effects of carcino-
genic exposures and the vulnerability of the elderly to can-
cer (3). The total cancer incidence rate for the elderly men
is four times the rate of 45-64 year old men and twice that
of women (4). The incidence of cancer in the 65- and- older
population is 10 times higher compared to the younger
population (5). The incidence of cancer is estimated to in-

crease in the next decades particularly in the less devel-
oped countries due to global aging. Over 50% of cancers
occur at the age of 70 and above; however, this gradient
reduces in the oldest age group (6, 7). A relationship was
found between aging and cancer even with minimum en-
vironmental carcinogens; and as a consequence, more hu-
man and monetary resources are required to investigate
the cancer etiology, prevention, control and quality of life
in the elderly (8).

Geographic Information System (GIS) and spatial anal-
ysis have provided new opportunities for the policymak-
ers to investigate the relationship between health and en-
vironmental risk factors or the geographic characteristics
(9-14). Spatial analysis allows us to identify the patterns,
and classify data as regular, random, or clustered (15). Spa-
tial autocorrelation is used to assess the rates, and Moran’s
I is one of the best statistical measures that is similar to the
Pearson’s correlation coefficient. The I statistic measures
the covariation between the rates of adjacent regions (16,
17). The current study aimed to examine cancer incidence
rates in those over 65 years of age living in Tehran, con-
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duct cluster and Outlier analysis, to learn about disparities
across the 22 districts of Tehran and to find common can-
cer types among the elderly in this mega city.

2. Methods

Tehran metropolitan area is situated on the southern
slopes of the Alborz Mountains at a latitude of 35°45′N and
a longitude of 51°25′E. Tehran consists of 22 municipal dis-
tricts and a population of 7,803,883 (according to 2006 cen-
sus) with 5.9% over 65 years of age.

In the first step, we gathered data on 7,948 new can-
cer cases and 3,104 elderly cases in 2007 who were over 65
years of age and were diagnosed with cancer from the na-
tional cancer registry (NCR), which is published by the Min-
istry of Health in Tehran. It is noteworthy to mention that
in Iran the ministry of health collects cancer data from all
public and private hospitals and pathology centers nation-
wide continuously. We gathered data on the elderly popu-
lation of the districts from the national statistical center
database. The data on cancer cases had to include the pa-
tient’s age, sex, address, and cancer type, with topology.

Home addresses were obtained from NCR and mapped
at districts level. We excluded the cases with no home ad-
dress or phone number from the district maps, but we
counted them in the calculation of the overall incidence
rate.

Age standardized rate (ASR) per 100,000 people was
calculated, using the direct method of standardization to
the 2000 WHO world standards (18). We only selected those
cancer types that constituted at least 1% of all cancers in
the elderly. Various cancer ASRs were identified across the
districts. Those districts with high incidence rate are pre-
sented in the results section.

Spatial statistics: cluster and outlier analysis (Anselin
Local Moran’s I)

Spatial autocorrelation was used to detect any local
clustering of cancer among the elderly inhabitants of
Tehran. Statistically significant spatial clusters or hot
spots, cool spots and spatial outliers were identified, us-
ing Anselin Local Moran’s I. This tool creates Local Moran’s
I index, z-score, p-value, and cluster/outlier type (COtype).
Moran’s I ranged from -1 (indicating perfect dispersion) to
+1 (perfect correlation). High positive I index implies spa-
tial clusters, meaning that the locations under the study
had similarly high or low values in the neighborhoods.
Spatial clusters included high-high clusters (HH COtype is
a district with high incidence rate), which are surrounded
by districts with high incidence rate, and low–low clusters
(LL COtype is a district with low incidence rate), which are
surrounded by districts with low incidence rate. In con-
trast, high negative I index indicated that the location un-

der the study was a spatial outlier whose value was obvi-
ously different from the values of their surrounding loca-
tions. Spatial outliers included high-low (HL COtype is a
district with high incidence rate), which are surrounded
by districts with normal or low rate, and low–high (LH CO-
type is a low value in a high value neighborhood) outliers
(19). HH COtype may be considered as a hot spot while LL
COtype may be identified as a cool spot, and HL COtype
could be regarded as an isolated individual hot spot. The
significance of Local Moran’s I was evaluated by z-scores
and p-values under the null hypothesis of random distri-
bution for a 95% confidence level. A high positive z-score
for a district indicated that the surrounding districts had
similar values, and a low negative z-score for a district indi-
cated a statistically significant spatial data outlier (20).

We used inverse distance to measure the spatial re-
lationships among the districts and Euclidean distance
method (The straight-line distance between two points),
but not the standardization of spatial weights.

Statistical Package: ASR was calculated using STATA
software version 12, and we used the WHO 2000 standard
population as the standard population. In addition, we
used Arcgis 10.3 mapping cluster in the spatial statistics
tools to measure the Local Moran’s I. this project was ap-
proved by the ethics committee of Iran University of Medi-
cal Science (IUMS).

3. Results

The age range was 65 - 100 in men and women. Over-
all, 3,104 new cancer cases were identified in the elderly in
Tehran, 2028 men (65.3%) and 1,076 women (34.7%) in 2007,
with overall cancer incidence rates of 862.4 and 474.8 per
100,000, respectively. Two hundred and five cases had nei-
ther recorded nor precise address so we could not iden-
tify their residential districts; however, they were redis-
tributed to Tehran districts to be counted in the overall in-
cidence rate. One hundred fifteen (5.7% with the mean age
of 73.3) men and 69(6.4% with the mean age of 74) women
elderly did not register their address. The mean age of com-
mon cancers in the elderly men and women was 74.23 (SD:
6.3) and 73.59 (SD: 6.2), respectively.

3.1. The Most Common Cancers

Tables 1 and 2 demonstrate cancer types in a descend-
ing order of ASR, constituting at least 1% of all cancers
(94.2% and 95% of all cancers) in the elderly men and
women. Ten common malignancies among men were
skin, prostate, bladder, stomach, colorectal, lung, bone
marrow, esophagus, larynx and oral cavity, and they were
breast, skin, colorectal, stomach, esophagus, bladder,
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ovary, uterus, eye and lung in women. Prostate, stomach
and bladder cancers were the three most common can-
cers (42% of all cancers) in the elderly men except for skin
cancer. Breast, colorectal and stomach cancers were the
three most common cancers among the elderly women,
accounting for 43% of all cancers. ASR of cancers (per
100,000) in the old age group (65 years and older) and the
30 - 64- year age group is demonstrated in Tables 1 and
2. Based on the total ASR, cancer was almost 6.7 and 2.9-
fold more frequent among the elderly than the younger
men and women, respectively. Prostate cancer in the el-
derly men was 14 fold higher than in the younger men be-
cause it is increased when a man reaches 50 years of age.
Esophagus cancer in the elderly men was around 10.8-fold
the corresponding rate in the younger men and 12-fold in
the elderly women, but breast cancer was common in both
groups (1.5). Bladder cancer was more frequent in the el-
derly men than in women, and stomach cancer was seven
and eight fold more frequent among the elderly men com-
pared to younger men and women. Colorectal cancer inci-
dence was similar in men and women, particularly among
younger ages (14) than among the elderly (86 in men and
60 in women).

3.2. Variation Among Districts

The highest rate of bladder and prostate cancers in
men were found in district 6 (center), stomach and esopha-
gus cancers in district 20 (south), skin in district 16 (south),
oral cavity in district 3 (north), lung in district 12 (center),
larynx in district 11 (center), colorectal in district 2 (north)
and bone marrow in district 22 (west) (Table 1).

In females, higher breast and uterus cancer incidence
were observed in district 1(north), stomach, lung, skin,
esophagus and eye cancers in district 22 (west), bladder in
district 20 (south), colorectal in district 11(center) and ovar-
ian cancer in district 4 (east) (Table 2).

3.3. Spatial Analysis

Figures 1 and 2 demonstrate the geographic distribu-
tion of the age standardized incidence ratios (ASRs) in the
22 districts of Tehran among the elderly men and women,
respectively. Using the Moran’s I, we identified more spa-
tial clusters in men compared to women. Hot spots were
located in the north and cool spots in the south and west
south of Tehran. The most common cancers in men in-
cluded skin, prostate, bladder, colorectal and lymph node
cancer, and in women, they were breast, thyroid and lymph
node cancers. Cool spots existed only in male cancer pa-
tients with prostate, bladder and larynx cancers. The re-
sults revealed two clusters for the total cancer between
men: hot spot in district 2 with ASR of 967 (P = 0.015) and

another cool spot in district 9 with ASR of 654 (P = 0.042).
Moreover, we found an isolated hot spot for the total can-
cer in district 22 with ASR of 1,137 in women (P = 0.001). Fur-
thermore, districts 2 and 6 were hot spots and districts 9,
16 and 17 were the cool spots for men, but there were lower
hot spot clusters for women. They did not have any cool
spots while there were more outliers (Tables 1 and 2).

4. Discussion

This study has provided information on the incidence,
distribution and spatial autocorrelation cancer in the 22
districts of Tehran. Spatial clusters existed among some
districts in some cancer types, indicating that more re-
search needs to be conducted on cancers among the el-
derly people.

In many of the experimental studies, sensitivity to car-
cinogens was different among cancers when aging was
considered. For example, sensitivity increased in rodent
cervix, vagina and subcutaneous tissue, but it decreased
in mammary gland, colon, thyroid and ovarian, and it re-
mained stable in lung (21-23). All cancers were higher in
the elderly men compared to the 30 - 64- year old age group
whilst this rate was lower in women. The proportion of all
cancer cases was 110% among the elderly men, and it was
45% in women. Moreover, ASR cancer was almost 6.7 and
2.9-fold more frequent among the elderly men compared
to younger men and women, respectively. Based on the
data obtained from cancer registries in 51 countries, the
proportion of all cancers among the elderly was 61 and 56%
in men and women, respectively. Also, standardized rates
were approximately seven and four times more in men and
women, respectively compared to the middle aged (30 - 64-
year old) group (24). The gender proportion incidence rate
was 1.81 in our study, which was exactly the same as those
of 51 countries in a previously published report (24). In
addition, a nearly double incidence rate sex ratio (men to
women) was found for the elderly (1.82), but it was almost
neutral among the younger individuals (0.78). This may
show the impact of highly unusual occurrence of prostate
cancer among younger men (25).

The incidence of cancer in ageing populations differs
by cancer types. And there are different explanations for
this trend. Hansen (1998) reported that prostate, lung
and colon cancers were the most common cancers in the
elderly men, while the most common cancers in the el-
derly women were breast, colon, lung and stomach can-
cers. However, based on our findings the common cancers
in men were prostate, bladder, stomach and colorectal can-
cers; and in women, they were breast, colorectal and stom-
ach cancers (skin cancer excluded) in Tehran. Women were
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Table 1. The Incidence Rates of Common Cancers and the Results of Moran’s I Among the Elderly (Over 65 Years of Age) Men Across the 22 districts of Tehran in 2007

Cancer Types ASR in the Elderly ASR in the Younger Districts with a High Incidence Ratea Districts with Significance Z-Scores and Their
Cluster/Outlier Type (COType)

Skin 178.6 29.64 16,20,3,19,15,7,4,5 20(HH), 17(LH)

Prostate 166.25 11.55 6,1,22,3,2,5,7 6(HH), 3(HH), 2(HH), 1(HH), 16(LL)

Bladder 98.63 9.32 6,2,5,1,3,11,12,22,21 6(HH), 2(HH), 18(LL), 9(LL)

Stomach 97.77 12.07 20,16,4,14,21 -

Colorectal 86.13 14.04 2,6,5,21,12 2(HH), 5(HH), 21(LH), 22(HL)

Lung 39.87 5.38 12,21,13,5,6,7,1,20 -

Bone marrow 28.44 5.36 22,14,3,6,10,5,1 22(HL), 21(LH)

Esophagus 23.4 2.15 20,16,18,9,19 -

Larynx 19.21 2.82 11,20,3,14,1 12(HL), 17(LL)

Oral cavity 13.66 2.27 3,13,19,8,6,15 -

Soft tissue 10.56 1.63 20,12,11,14,18 20(HL)

Brain 9.39 4.28 22,3,18,9 22(HL), 21(LH)

Lymph node 8.83 4.53 6,13,14 6(HH), 7(HH), 13(HH)

Eye 8.65 2.84 13,16,19,10 -

Total 862.4b 128 6,3,5,1,2,20,12 2(HH), 9(LL)

aThe highest rate is the first district in tables.
bAll Cancers in the Elderly Men.

Figure 1. Geographic Distribution of the Total Cancer Incidence Among Men Across 22 Districts of Tehran in 2007

less likely to suffer from colorectal cancer, where the gen-
der ratio was 1.32 in Tehran elderly residents compared to
1.4 in 51 countries (24, 26). Prostate cancer in the elderly
men was approximately 22 times more than in the younger
men because its incidence increases after a man reaches 50
years of age; and in our study, it was 14 fold higher in the el-
derly compared to the younger men.

The incidence rate of prostate cancer varies because
of the widespread prostate specific antigen (PSA) testing

in some developed countries (27-29). In some studies, no
evidence of an increase in the incidence along with an
increase in the rate of PSA testing (30) was found, but it
was higher in the urban and more prosperous areas (31-
33); however, this result was not compatible for all areas
(34). Also, it may be proposed that prostate-specific anti-
gen testing (PSA) is responsible for an increase in low-grade
prostate cancer in advantaged men, but it does not ex-
plain the overall increases in all grades as 37% lower inci-
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Table 2. The Incidence Rates of Common Cancers and the Results of Moran’s I Among the Elderly (over 65 Years of Age) Women Across the 22 Districts of Tehran in 2007

Cancer Types ASR in the Elderly ASR in the Younger Districts with a High Incidence Ratea Districts with Significance Z-Scores and their
Cluster/Outlier Type (COtype)

Breast 107.78 70.31 1,2,3,6,4,18 3(HH), 1(HH)

Skin 81.86 15.59 22,17,5,15,11,14 -

Colorectal 60.66 14.05 11,1,5,3,2 11(HL)

Stomach 40.45 5.66 22,18,15,5 -

Esophagus 19.87 1.64 22,15,19,18 -

Bladder 19.47 2.61 20,5,1,3,4 20(HL)

Ovary 16.88 6.5 4,1,11,2 -

Uterus 15.69 6.82 1,6,9,16 9(HL)

Eye 14.3 2.18 22,16,13 22(HL), 21(LH)

Lung 11.42 3.12 22,1,15,19 22(HL), 21(LH)

Cervix 10.61 5.05 19,18,16 -

Oral Cavity 10.16 1.18 21,11,12,19,18 21(HL), 22 (LH)

Bone Marrow 10.06 2.96 22,2,4,9,3 22(HL), 21(LH)

Liver 6.67 0.98 18,1,12,5,3,20,4,2 -

Lymph Node 6.14 1.98 2,1,5,12,20,8,14,6,7 2(HH), 5(HH)

Thyroid 6.04 5.05 16,6,1,20,4,3,15,5,14,2 20(HH)

Total 474.8b 164.4 22, 1,2,6,11,5,4 22(HL), 21(LH)

aThe highest rate is the first district in tables.
bAll Cancers in the Elderly Men.

Figure 2. Geographic Distribution of the Total Cancer Incidence Among Women Across the 22 Districts of Tehran in 2007

dence was revealed among the most disadvantaged com-
pared to the most advantaged (35). Although higher levels
of SES were significantly associated with an increased risk
of prostate cancer (36, 37), no evidence was found on the
racially uniform population of Caucasians who received
free health care (38).

In this study, prostate and breast cancers beside lymph
node cancer had the most hot spot clusters. Hot spots were
located in the north of Tehran where districts are more
privileged, and more cool spots were located in the south
of the city where districts are more underprivileged (39).
Prostate cancer clustered in districts 1, 2, 3 and 6, and breast
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cancer in districts 1and 3, in the more privileged areas.
Breast cancer is the most common malignancy in Iran

among elderly women, while its ASR is lower than devel-
oped countries (ASR = 18.4 v 39, according to GLOBOCAN
2008) (40). Various risk factors either environmental, ge-
netic or life style ones have been attributed. In a study con-
ducted in Massachusetts, an association was reported be-
tween drinking water contaminated by wastewater efflu-
ent and breast cancer. This study suggested an increased
association between broad latency time and more expo-
sure length (41). In addition, a study in Midland found
that higher breast cancer rate is spatially associated with
soil dioxin contamination (42). Results from a case-control
study in Tehran (Iran) revealed that obese women had a
threefold increased risk of breast cancer controlling for
age, age at menopause, family history of breast cancer and
parity (43). In a study, 20 to 30% higher breast cancer in-
cidence was related to women with the highest SEP (44).
However, in some studies this increased incidence was me-
diated partly by reproductive factors, hormone replace-
ment therapy, alcohol and SES (45, 46).

Using the Moran’s I, we identified the hot spot of lymph
node in districts 6, 7 and 13 in men and 2 and 5 in women.
There was a significant clustering of Hodgkin lymphoma
in four of the five study counties, but the dispersed clus-
ters suggest a late exposure to universal environmental
agent (47). Non-Hodgkin’s lymphoma (NHL) has a signif-
icant positive association with solar radiation, but previ-
ous ecological results revealed that it may reduce the risk
of cancer (48).

Bladder cancer had two hot spots (districts 2 and 6) and
two cool spots (districts 9 and 18) for men. Also, there was
an isolated hot spot (district 20) for women. Del PilarDiaz
reported a spatial distribution of bladder cancer in the ur-
ban areas for men, and in the rural ones for women (49).
Vieira et al. found a significant bladder cancer “hot spot”
in the southwest of the Massachusetts military reservation.
They reported an overlap between the bladder cancer hot
spots and ground water plumes (50). Environmental fac-
tors such as exposure to the chemical components of in-
dustrial processes and natural arsenic contamination have
been linked to the risk of bladder cancer (51, 52). These risk
factors may be justified in unusual area-specific patterns.

ASR of colorectal cancer was found to be higher in men
compared to women, and this may be due to the more
prevalence of inflammatory bowel disease in men (53).
There were spatial hot spots for colorectal cancer only be-
tween men in districts 2 and 5. Some studies found that the
high level of socioeconomic status was associated with the
development of colorectal cancer (54, 55). In Malaysia, col-
orectal cancer (CRC) hot spots were located in the north-
west region of Kuala Lumpur (KL) where residents have

high socioeconomic status (56). In another study in Mas-
sachusetts men residents had more clusters than women,
and after adjustment for SES and urban proportion, some
of these areas were not significantly different (57).

There was a spatial hot spot for thyroid cancer in dis-
trict 20 in women. Radiation exposure in medical proce-
dures, atmosphere, ground water and energy plants (58-
62) and cancer chemotherapy (63) may play a role in thy-
roid cancer. Also, exposure to chemicals used in the indus-
try process and exposure to pesticides (64) are known as
environmental risk factors in pathogenesis.

However, to prevent any misconception from our find-
ings presented here, it is noteworthy to mention that we
used grouped data. Therefore, the results should be inter-
preted with caution to avoid ecological fallacies. Further
studies may shed light on the proper associations of envi-
ronmental, socio-economic and other related risk factors
with common cancers in Tehran.

4.1. Conclusions

The most common cancers in women remain steady
with an increase in age. More hot spots were located in
the north of Tehran where the districts are more privileged
and more cool spots were located in the south where the
districts are more underprivileged. Due to the multi-cause
and unknown latency period for different cancers, it was
not possible to confirm the significant exposures in partic-
ular locations or situations. However, the investigation of
cluster reports is useful to detect risky region and to focus
on the services for future prevention.

Acknowledgments

We would like to thank the cancer department within
deputy for public health, ministry of health and medical
education for providing the data for this study.

Footnotes

Authors’ Contribution: Seyed Saeed Hashemi Nazari
conceived the project, Marzieh Rohani-Rasaf , Mohammad-
Reza Rohani-Rasaf and Abdollah Mohammadian assisted
with the further refinement of the project, obtained the
cancer registry data, cleaning data and performed data
analysis, Marzieh Rohani-Rasaf drafted the manuscript un-
der supervision of Mohsen Asadi-Lari who supervised the
study and revised the manuscript.

Conflict of Interest: None to declare.

Financial Disclosure: No funding to declare.

6 Int J Cancer Manag. 2017; 10(7):e5753.

http://ijcancerprevention.com/en/index.html


Rohani-Rasaf M et al.

References

1. World Health Organization . Global Health and Aging: National Insti-
tute on Aging, October 2011 Contract No. U.S. Department of Health
and Human Services; 2011.

2. World Health organization . Health 2012. Available from: http://www.
who.int/features/factfiles/ageing/ageing_facts/en.

3. Ukraintseva S, Yashin AI. Individual Aging and Cancer Risk: How
are They Related? Demograph Res. 2003;9:163–96. doi: 10.4054/Dem-
Res.2003.9.8.

4. Baranovsky A, Myers MH. Cancer incidence and survival in patients
65 years of age and older. CA Cancer J Clin. 1986;36(1):26–41. [PubMed:
3080206].

5. Berger NA, Savvides P, Koroukian SM, Kahana EF, Deimling GT, Rose JH,
et al. Cancer in the elderly. Trans Am Clin Climatol Assoc. 2006;117:147–
55. [PubMed: 18528470] discussion 155-6.

6. Dix D, Cohen P. On the role of aging in carcinogenesis. Anticancer Res.
1999;19(1B):723–6. [PubMed: 10216483].

7. Parkin DM, Bray FI, Devesa SS. Cancer burden in the year 2000.
The global picture. Eur J Cancer. 2001;37 Suppl 8:S4–66. [PubMed:
11602373].

8. Dix D. The role of aging in cancer incidence: an epidemiological study.
J Gerontol. 1989;44(6):10–8. [PubMed: 2809119].

9. Pearce J, Boyle P. Examining the relationship between lung cancer
and radon in small areas across Scotland.Health Place. 2005;11(3):275–
82. doi: 10.1016/j.healthplace.2004.06.006. [PubMed: 15774333].

10. Morra P, Bagli S, Spadoni G. The analysis of human health risk
with a detailed procedure operating in a GIS environment. Environ
Int. 2006;32(4):444–54. doi: 10.1016/j.envint.2005.10.003. [PubMed:
16356549].

11. Elliott P, Wakefield J, Best N, Briggs D. In: Spatial Epidemiology: Meth-
ods and Applications. Elliott P, Best N, Briggs D, editors. New York: Ox-
ford University Press; 2001. Spatial epidemiology: methods and appli-
cations.

12. Flinton DM, Walters NJ. Occupational activity and risk of prostate
cancer in Ireland. J Radiother Pract. 2005;4(2-3):102–6. doi:
10.1017/s1460396905000142.

13. Roche LM, Skinner R, Weinstein RB. Use of a geographic information
system to identify and characterize areas with high proportions of
distant stage breast cancer. J Public Health Manag Pract. 2002;8(2):26–
32. [PubMed: 11889849].

14. Pickle LW, Waller LA, Lawson AB. Current practices in cancer spatial
data analysis: a call for guidance. Int J Health Geogr. 2005;4(1):3. doi:
10.1186/1476-072X-4-3. [PubMed: 15649320].

15. Basanez MG. Pfeiffer DU, Robinson TP, Stevenson M, Stevens KB, Rogers
DJ, Clements ACA: Spatial Analysis in Epidemiology. Springer; 2009.

16. Walter SD. The analysis of regional patterns in health data. I. Distri-
butional considerations.Am J Epidemiol. 1992;136(6):730–41. [PubMed:
1442739].

17. Walter SD. The analysis of regional patterns in health data.
II. The power to detect environmental effects. Am J Epidemiol.
1992;136(6):742–59. [PubMed: 1442740].

18. Ahmad O, Boschi-Pinto C, Lopez A, Murray C, Lozano R, Inoue M. Age
standardization of rates:A new WHO standard. GPE Discussion Pa-
per Series:No.31.Geneva EIP/GPE/EBD. Geneva: World Health Organiza-
tion; 2009.

19. Lalor GC, Zhang C. Multivariate outlier detection and remediation
in geochemical databases. Sci Total Environ. 2001;281(1-3):99–109.
[PubMed: 11778964].

20. Anselin L. Local indicators of spatial association—LISA.GeographAnal-
ysis. 1995;27(2):93–115.

21. Anisimov VN. Carcinogenesis and aging. Adv Cancer Res. 1983;40:365–
424. [PubMed: 6419551].

22. Anisimov VN, Petrov NN. Carcinogenesis and aging. Boca Raton: CRC
Press Inc; 1987.

23. Balducci L, Ershler WB, Lyman GH, Extermann M. Comprehensive
geriatric oncology. CRC Press; 2004.

24. Hansen J. Common cancers in the elderly.DrugsAging. 1998;13(6):467–
78. [PubMed: 9883401].

25. Scosyrev E, Messing EM, Mohile S, Golijanin D, Wu G. Prostate can-
cer in the elderly: frequency of advanced disease at presenta-
tion and disease-specific mortality. Cancer. 2012;118(12):3062–70. doi:
10.1002/cncr.26392. [PubMed: 22006014].

26. GLOBOCAN IARC . Cancer Incidence and Mortality Worldwide in
2008. Lyon: WHO; 2010.

27. Gregorio DI, Samociuk H. Prostate cancer incidence in light of the
spatial distribution of another screening-detectable cancer. Spat
Spatiotemporal Epidemiol. 2013;6:1–6. doi: 10.1016/j.sste.2013.04.002.
[PubMed: 23973176].

28. Gregorio DI, Kulldorff M, Sheehan TJ, Samociuk H. Geographic distri-
bution of prostate cancer incidence in the era of PSA testing, Con-
necticut, 1984 to 1998. Urology. 2004;63(1):78–82. [PubMed: 14751353].

29. Aarts MJ, Koldewijn EL, Poortmans PM, Coebergh JW, Louwman M.
The impact of socioeconomic status on prostate cancer treatment
and survival in the southern Netherlands. Urology. 2013;81(3):593–9.
doi: 10.1016/j.urology.2012.11.011. [PubMed: 23312891].

30. Mokete M, Shackley DC, Betts CD, O’Flynn KJ, Clarke NW. The in-
creased rate of prostate specific antigen testing has not affected
prostate cancer presentation in an inner city population in the
UK. BJU Int. 2006;97(2):266–9. doi: 10.1111/j.1464-410X.2005.06011.x.
[PubMed: 16430626].

31. Baade PD, Yu XQ, Smith DP, Dunn J, Chambers SK. Geographic dispar-
ities in prostate cancer outcomes–review of international patterns.
Asian Pac J Cancer Prev. 2015;16(3):1259–75. [PubMed: 25735366].

32. Altekruse SF, Huang L, Cucinelli JE, McNeel TS, Wells KM, Oliver MN.
Spatial patterns of localized-stage prostate cancer incidence among
white and black men in the southeastern United States, 1999-2001.
Cancer Epidemiol Biomarkers Prev. 2010;19(6):1460–7. doi: 10.1158/1055-
9965.EPI-09-1310. [PubMed: 20501756].

33. Oliver MN, Smith E, Siadaty M, Hauck FR, Pickle LW. Spatial analysis of
prostate cancer incidence and race in Virginia, 1990-1999. Am J Prev
Med. 2006;30(2 Suppl):S67–76. doi: 10.1016/j.amepre.2005.09.008.
[PubMed: 16458792].

34. Major JM, Norman Oliver M, Doubeni CA, Hollenbeck AR, Graubard
BI, Sinha R. Socioeconomic status, healthcare density, and risk of
prostate cancer among African American and Caucasian men in a
large prospective study. Cancer Causes Control. 2012;23(7):1185–91. doi:
10.1007/s10552-012-9988-8. [PubMed: 22674292].

35. Shafique K, Oliphant R, Morrison DS. The impact of socio-economic
circumstances on overall and grade-specific prostate cancer inci-
dence: a population-based study. Br J Cancer. 2012;107(3):575–82. doi:
10.1038/bjc.2012.289. [PubMed: 22759881].

36. Cheng I, Witte JS, McClure LA, Shema SJ, Cockburn MG, John EM, et al.
Socioeconomic status and prostate cancer incidence and mortality
rates among the diverse population of California. Cancer Causes Con-
trol. 2009;20(8):1431–40. doi: 10.1007/s10552-009-9369-0. [PubMed:
19526319].

37. Torres-Cintron M, Ortiz AP, Ortiz-Ortiz KJ, Figueroa-Valles NR, Perez-
Irizarry J, Diaz-Medina G, et al. Using a socioeconomic position index
to assess disparities in cancer incidence and mortality, Puerto Rico,
1995-2004. Prev Chronic Dis. 2012;9:E15. [PubMed: 22172182].

38. Nielsen NR, Kristensen TS, Zhang ZF, Strandberg-Larsen K, Schnohr
P, Gronbaek M. Sociodemographic status, stress, and risk of prostate
cancer. A prospective cohort study.AnnEpidemiol. 2007;17(7):498–502.
doi: 10.1016/j.annepidem.2007.02.001. [PubMed: 17448677].

39. Rohani-Rasaf M, Moradi-Lakeh M, Ramezani R, Asadi-Lari M. Measur-
ing socioeconomic disparities in cancer incidence in Tehran, 2008.
Asian Pac J Cancer Prev. 2012;13(6):2955–60. [PubMed: 22938489].

40. Iran Centre for Disease Control . Iran Cancer Registration Report,
2006. Tehran: Ministry of Health and Medical Education; 2010.

Int J Cancer Manag. 2017; 10(7):e5753. 7

http://www.who.int/features/factfiles/ageing/ageing_facts/en
http://www.who.int/features/factfiles/ageing/ageing_facts/en
http://dx.doi.org/10.4054/DemRes.2003.9.8
http://dx.doi.org/10.4054/DemRes.2003.9.8
http://www.ncbi.nlm.nih.gov/pubmed/3080206
http://www.ncbi.nlm.nih.gov/pubmed/18528470
http://www.ncbi.nlm.nih.gov/pubmed/10216483
http://www.ncbi.nlm.nih.gov/pubmed/11602373
http://www.ncbi.nlm.nih.gov/pubmed/2809119
http://dx.doi.org/10.1016/j.healthplace.2004.06.006
http://www.ncbi.nlm.nih.gov/pubmed/15774333
http://dx.doi.org/10.1016/j.envint.2005.10.003
http://www.ncbi.nlm.nih.gov/pubmed/16356549
http://dx.doi.org/10.1017/s1460396905000142
http://www.ncbi.nlm.nih.gov/pubmed/11889849
http://dx.doi.org/10.1186/1476-072X-4-3
http://www.ncbi.nlm.nih.gov/pubmed/15649320
http://www.ncbi.nlm.nih.gov/pubmed/1442739
http://www.ncbi.nlm.nih.gov/pubmed/1442740
http://www.ncbi.nlm.nih.gov/pubmed/11778964
http://www.ncbi.nlm.nih.gov/pubmed/6419551
http://www.ncbi.nlm.nih.gov/pubmed/9883401
http://dx.doi.org/10.1002/cncr.26392
http://www.ncbi.nlm.nih.gov/pubmed/22006014
http://dx.doi.org/10.1016/j.sste.2013.04.002
http://www.ncbi.nlm.nih.gov/pubmed/23973176
http://www.ncbi.nlm.nih.gov/pubmed/14751353
http://dx.doi.org/10.1016/j.urology.2012.11.011
http://www.ncbi.nlm.nih.gov/pubmed/23312891
http://dx.doi.org/10.1111/j.1464-410X.2005.06011.x
http://www.ncbi.nlm.nih.gov/pubmed/16430626
http://www.ncbi.nlm.nih.gov/pubmed/25735366
http://dx.doi.org/10.1158/1055-9965.EPI-09-1310
http://dx.doi.org/10.1158/1055-9965.EPI-09-1310
http://www.ncbi.nlm.nih.gov/pubmed/20501756
http://dx.doi.org/10.1016/j.amepre.2005.09.008
http://www.ncbi.nlm.nih.gov/pubmed/16458792
http://dx.doi.org/10.1007/s10552-012-9988-8
http://www.ncbi.nlm.nih.gov/pubmed/22674292
http://dx.doi.org/10.1038/bjc.2012.289
http://www.ncbi.nlm.nih.gov/pubmed/22759881
http://dx.doi.org/10.1007/s10552-009-9369-0
http://www.ncbi.nlm.nih.gov/pubmed/19526319
http://www.ncbi.nlm.nih.gov/pubmed/22172182
http://dx.doi.org/10.1016/j.annepidem.2007.02.001
http://www.ncbi.nlm.nih.gov/pubmed/17448677
http://www.ncbi.nlm.nih.gov/pubmed/22938489
http://ijcancerprevention.com/en/index.html


Rohani-Rasaf M et al.

41. Gallagher LG, Webster TF, Aschengrau A, Vieira VM. Using residential
history and groundwater modeling to examine drinking water ex-
posure and breast cancer. Environ Health Perspect. 2010;118(6):749–55.
doi: 10.1289/ehp.0901547. [PubMed: 20164002].

42. Dai D, Oyana TJ. Spatial variations in the incidence of breast can-
cer and potential risks associated with soil dioxin contamination in
Midland, Saginaw, and Bay Counties, Michigan, USA. Environ Health.
2008;7:49. doi: 10.1186/1476-069X-7-49. [PubMed: 18939976].

43. Montazeri A, Sadighi J, Farzadi F, Maftoon F, Vahdaninia M, Ansari
M, et al. Weight, height, body mass index and risk of breast can-
cer in postmenopausal women: a case-control study. BMC Cancer.
2008;8:278. doi: 10.1186/1471-2407-8-278. [PubMed: 18826621].

44. Beiki O, Hall P, Ekbom A, Moradi T. Breast cancer incidence and
case fatality among 4.7 million women in relation to social and eth-
nic background: a population-based cohort study. Breast Cancer Res.
2012;14(1):R5. doi: 10.1186/bcr3086. [PubMed: 22225950].

45. Larsen SB, Olsen A, Lynch J, Christensen J, Overvad K, Tjonneland A.
Socioeconomic position and lifestyle in relation to breast cancer in-
cidence among postmenopausal women: a prospective cohort study,
Denmark, 1993-2006. Cancer Epidemiol. 2011;35(5):438–41.

46. Palmer JR, Boggs DA, Wise LA, Adams-Campbell LL, Rosenberg L.
Individual and neighborhood socioeconomic status in relation to
breast cancer incidence in African-American women. Am J Epidemiol.
2012;176(12):1141–6. doi: 10.1093/aje/kws211. [PubMed: 23171873].

47. Glaser SL. Spatial clustering of Hodgkin’s disease in the San Francisco
Bay area.AmJEpidemiol. 1990;132(1 Suppl):S167–77. [PubMed: 2356828].

48. Waltz P, Chodick G. Assessment of ecological regression in the study
of colon, breast, ovary, non-Hodgkin’s lymphoma, or prostate can-
cer and residential UV. Eur J Cancer Prev. 2008;17(3):279–86. doi:
10.1097/CEJ.0b013e3282b6fd0f. [PubMed: 18414201].

49. Diaz Mdel P, Osella AR, Aballay LR, Munoz SE, Lantieri MJ, Butinof M,
et al. Cancer incidence pattern in Cordoba, Argentina. Eur J Cancer
Prev. 2009;18(4):259–66. doi: 10.1097/CEJ.0b013e3283152030. [PubMed:
19404198].

50. Vieira V, Webster T, Weinberg J, Aschengrau A. Spatial analysis of blad-
der, kidney, and pancreatic cancer on upper Cape Cod: an application
of generalized additive models to case-control data. Environ Health.
2009;8:3. doi: 10.1186/1476-069X-8-3. [PubMed: 19208254].

51. Boeglin ML, Wessels D, Henshel D. An investigation of the relationship
between air emissions of volatile organic compounds and the inci-
dence of cancer in Indiana counties. Environ Res. 2006;100(2):242–54.
doi: 10.1016/j.envres.2005.04.004. [PubMed: 15992796].

52. Hopenhayn-Rich C, Biggs ML, Fuchs A, Bergoglio R, Tello EE, Nicolli H,
et al. Bladder cancer mortality associated with arsenic in drinking wa-
ter in Argentina. Epidemiology. 1996;7(2):117–24. [PubMed: 8834549].

53. Soderlund S, Granath F, Brostrom O, Karlen P, Lofberg R, Ekbom A, et
al. Inflammatory bowel disease confers a lower risk of colorectal can-

cer to females than to males. Gastroenterology. 2010;138(5):1697–703.
doi: 10.1053/j.gastro.2010.02.007. [PubMed: 20167217].

54. Mohebbi M, Mahmoodi M, Wolfe R, Nourijelyani K, Mohammad K,
Zeraati H, et al. Geographical spread of gastrointestinal tract cancer
incidence in the Caspian Sea region of Iran: spatial analysis of can-
cer registry data. BMC Cancer. 2008;8:137. doi: 10.1186/1471-2407-8-137.
[PubMed: 18479519].

55. Rohani-Rasaf M, Abdollahi M, Jazayeri S, Kalantari N, Asadi-Lari M. Cor-
relation of cancer incidence with diet, smoking and socio- economic
position across 22 districts of Tehran in 2008. Asian Pac J Cancer Prev.
2013;14(3):1669–76. [PubMed: 23679254].

56. Shah SA, Neoh HM, Rahim SS, Azhar ZI, Hassan MR, Safian N, et al. Spa-
tial analysis of colorectal cancer cases in Kuala Lumpur. Asian Pac J
Cancer Prev. 2014;15(3):1149–54. [PubMed: 24606433].

57. DeChello LM, Sheehan TJ. Spatial analysis of colorectal cancer in-
cidence and proportion of late-stage in Massachusetts residents:
1995-1998. Int J Health Geogr. 2007;6:20. doi: 10.1186/1476-072X-6-20.
[PubMed: 17547744].

58. Takahashi T, Schoemaker MJ, Trott KR, Simon SL, Fujimori K,
Nakashima N, et al. The relationship of thyroid cancer with ra-
diation exposure from nuclear weapon testing in the Marshall
Islands. J Epidemiol. 2003;13(2):99–107. [PubMed: 12675119].

59. Cardis E, Kesminiene A, Ivanov V, Malakhova I, Shibata Y, Khrouch
V, et al. Risk of thyroid cancer after exposure to 131I in childhood. J
Natl Cancer Inst. 2005;97(10):724–32. doi: 10.1093/jnci/dji129. [PubMed:
15900042].

60. Acharya S, Sarafoglou K, LaQuaglia M, Lindsley S, Gerald W, Wollner N,
et al. Thyroid neoplasms after therapeutic radiation for malignancies
during childhood or adolescence. Cancer. 2003;97(10):2397–403. doi:
10.1002/cncr.11362. [PubMed: 12733137].

61. Schonfeld SJ, Lee C, Berrington de Gonzalez A. Medical exposure to ra-
diation and thyroid cancer. Clin Oncol (R Coll Radiol). 2011;23(4):244–
50. doi: 10.1016/j.clon.2011.01.159. [PubMed: 21296564].

62. Shibata Y, Yamashita S, Masyakin VB, Panasyuk GD, Nagataki S.
15 years after Chernobyl: new evidence of thyroid cancer. Lancet.
2001;358(9297):1965–6. doi: 10.1016/S0140-6736(01)06971-9. [PubMed:
11747925].

63. Veiga LH, Bhatti P, Ronckers CM, Sigurdson AJ, Stovall M, Smith
SA, et al. Chemotherapy and thyroid cancer risk: a report from
the childhood cancer survivor study. Cancer Epidemiol Biomarkers
Prev. 2012;21(1):92–101. doi: 10.1158/1055-9965.EPI-11-0576. [PubMed:
22028399].

64. Leux C, Guenel P. Risk factors of thyroid tumors: role of environmen-
tal and occupational exposures to chemical pollutants. Rev Epidemiol
Sante Publique. 2010;58(5):359–67. doi: 10.1016/j.respe.2010.05.005.
[PubMed: 20980113].

8 Int J Cancer Manag. 2017; 10(7):e5753.

http://dx.doi.org/10.1289/ehp.0901547
http://www.ncbi.nlm.nih.gov/pubmed/20164002
http://dx.doi.org/10.1186/1476-069X-7-49
http://www.ncbi.nlm.nih.gov/pubmed/18939976
http://dx.doi.org/10.1186/1471-2407-8-278
http://www.ncbi.nlm.nih.gov/pubmed/18826621
http://dx.doi.org/10.1186/bcr3086
http://www.ncbi.nlm.nih.gov/pubmed/22225950
http://dx.doi.org/10.1093/aje/kws211
http://www.ncbi.nlm.nih.gov/pubmed/23171873
http://www.ncbi.nlm.nih.gov/pubmed/2356828
http://dx.doi.org/10.1097/CEJ.0b013e3282b6fd0f
http://www.ncbi.nlm.nih.gov/pubmed/18414201
http://dx.doi.org/10.1097/CEJ.0b013e3283152030
http://www.ncbi.nlm.nih.gov/pubmed/19404198
http://dx.doi.org/10.1186/1476-069X-8-3
http://www.ncbi.nlm.nih.gov/pubmed/19208254
http://dx.doi.org/10.1016/j.envres.2005.04.004
http://www.ncbi.nlm.nih.gov/pubmed/15992796
http://www.ncbi.nlm.nih.gov/pubmed/8834549
http://dx.doi.org/10.1053/j.gastro.2010.02.007
http://www.ncbi.nlm.nih.gov/pubmed/20167217
http://dx.doi.org/10.1186/1471-2407-8-137
http://www.ncbi.nlm.nih.gov/pubmed/18479519
http://www.ncbi.nlm.nih.gov/pubmed/23679254
http://www.ncbi.nlm.nih.gov/pubmed/24606433
http://dx.doi.org/10.1186/1476-072X-6-20
http://www.ncbi.nlm.nih.gov/pubmed/17547744
http://www.ncbi.nlm.nih.gov/pubmed/12675119
http://dx.doi.org/10.1093/jnci/dji129
http://www.ncbi.nlm.nih.gov/pubmed/15900042
http://dx.doi.org/10.1002/cncr.11362
http://www.ncbi.nlm.nih.gov/pubmed/12733137
http://dx.doi.org/10.1016/j.clon.2011.01.159
http://www.ncbi.nlm.nih.gov/pubmed/21296564
http://dx.doi.org/10.1016/S0140-6736(01)06971-9
http://www.ncbi.nlm.nih.gov/pubmed/11747925
http://dx.doi.org/10.1158/1055-9965.EPI-11-0576
http://www.ncbi.nlm.nih.gov/pubmed/22028399
http://dx.doi.org/10.1016/j.respe.2010.05.005
http://www.ncbi.nlm.nih.gov/pubmed/20980113
http://ijcancerprevention.com/en/index.html

	Abstract
	1. Background
	2. Methods
	3. Results
	3.1. The Most Common Cancers
	Table 1
	Table 2

	3.2. Variation Among Districts
	3.3. Spatial Analysis
	Figure 1
	Figure 2


	4. Discussion
	4.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution
	Conflict of Interest
	Financial Disclosure

	References

