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Abstract

Background: Brain and other central nervous system (CNS) tumors represent almost 3% of all new cancer cases worldwide and
comprise a heterogeneous group of tumors with varying epidemiologic and clinical characteristics. The aim of this study is to
present the distribution and trends in brain and other CNS cancer incidence in Golestan, Iran during a 10-year period.
Methods: Data on primary brain and other CNS cancers diagnosed between 2004 and 2013 were obtained from the Golestan
population-based cancer registry (GPCR) dataset. We computed age-standardized incidence rates (ASRs) per 100000 person-
years. In order to assess changes in incidence over time, we calculated the estimated annual percentage change (EAPC) and
corresponding 95% confidence intervals (Cls) to detect significant trends.

Results: Over the 10-year period (2004-2013), the incidence of brain and other CNS cancer was observed to increase for all ages
(EAPC: 1.13, 95% CI: -6.06, 8.87). After 2008, the trends appear to have stabilized. Incidence rates were higher in males than
females (ratio: 1.2) and glioblastoma was the most common tumor subtype (15.1% of all malignant tumors).

Conclusion: Trends and patterns in the burden of brain and other CNS cancer require careful monitoring alongside future research

to increase our understanding of potential risk factors.

Keywords: Brain tumors, Central nervous system tumors, Epidemiology, Incidence rates
Cite this article as: Araghi M, Roshande G, Hasanpour-Heidari S, Fazel A, Sedaghat SM, Pourkhani A, etal. Incidence of malignant
brain and central nervous system tumors in Golestan, Iran, 2004-2013. Arch Iran Med. 2020;23(1):1-6.

Received: May 11, 2019, Accepted: September 23, 2019, ePublished: January 1, 2020

Introduction

Malignant brain and other central nervous system (CNS)
tumorsare a group of rare and heterogeneous diseases which
can be categorized into distinct pathological entities that
display different biological behavior, treatment regimens
and prognosis." Unlike most non-malignant tumors,
benign tumors of the brain and other CNS can be serious
and life-threatening. The etiology of brain cancer is not
well understood.** Probable genetic factors (Li-Fraumeni
syndrome) and exposure to ionizing radiation have been
associated with both benign and malignant brain and
other CNS tumors.>® Exposure to pesticides is found to
increase the risk of death in farmers and non-farmers living
in rural communities.”!" In contrast, no strong association
has been found between the use of mobile phones and
increased risk of glioma or meningioma.'

Close to 300000 new cases of brain and other CNS
tumors were reported worldwide in 2018, representing
nearly 3% of all new cancer cases.' The incidence of brain
and other CNS tumors varies significantly across countries
and regions, ranging from 10.1 per 100000 person-years

in Latvia to 0.3 in Togo.” In the Middle East, Turkey
ranks highest (6.5 per 100000) with respect to the age-
standardized incidence rate (ASR), with Iran (5.9 per
100000) ranking second.” In general, higher incidence
has been reported for men relative to women®!%!> and with
increasing age, with the highest incidence rates observed
among elderly populations. However, substantial variation
exists in the epidemiology of histological subtypes of
brain and other CNS tumors.'®"” While gliomas are the
most common primary brain tumor among adults,">'®
embryonal tumors are most commonly observed in
children.” In Iran, meningioma is reported to be the
most common tumor among adults, while astrocytoma is
reported to be the most common tumor in children.?**!

Increasing trends in the incidence of malignant brain
and other CNS cancers have been reported over the
last few decades in many countries.’”” The increase
maybe as a result of improved diagnostic techniques.”
Understanding the descriptive epidemiology of the cancer
can yield fundamental information to inform public

health decisions and actions. Previous efforts to quantify
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the incidence of brain and other CNS cancers in Iran
are limited.?* According to Cancer Incidence in Five
Continents (CI5), brain and other CNS tumors are the
seventh most common malignancy in Golestan.”® The
rural part of Golestan is a major consumer of pesticides,
but no previous study has evaluated the impact of these
substances on population health.

We aimed to present the burden of brain and other
CNS tumors by age, sex, residential area (urban vs.
rural) and histological type in Golestan and explore the
environmental hypotheses using data from the Golestan
Population-based Cancer Registry (GPCR) during its first
10-year of activity: 2004-2013.

Materials and Methods

Golestan is located in the South East littoral of the Caspian
Sea in northern Iran. The province is divided into fourteen
counties, 33 cities and 1051 villages. According to the
latest census in 2016, Golestan has a population of about
1.9 million, representing about 2.3% of the total Iranian
population. Half of its population lives in rural parts, the
main agriculture area, while the other half resides in urban
arcas. The GPCR, established in 2001, has been a voting
member of the International Agency for Research on
Cancer (IARC) since 2007 and data has been included in
Volumes X and XI of Cancer Incidence in Five Continents
(CI5), indicating high data quality and completeness.?®

For the currentanalysis, we selected all primary malignant
brain and other CNS tumors (International Classification
of Diseases, 10th edition (ICD-10) codes C70-C72),
diagnosed between 2004 and 2013 from the GPCR
database. ASRs per 100000 person-years were computed
using the world standard population.”’” In order to assess
changes in incidence over time, we calculated the estimated
annual percentage change (EAPC) and the corresponding
95% confidence intervals (CI) using the method proposed
by Kim and colleagues® to detect significant trends. We
calculated the EAPC using a generalized linear model
(GLM) considering a Gaussian distribution for the ASRs.
Under the assumption of linearity on the log scale, which is
equivalent to a constant change assumption, the EAPC is
calculated. EAPCs were considered statistically significant
if the P value was less than 0.05. Analyses were carried out
for all ages as well as for ages <50 years and =50 years to
compare the trend between younger and older individuals
diagnosed with brain cancer.

Additionally, the ICD-O-3 (2000) between 2004 and
2012 and the first revision of the ICD-O-3 (ICD-O-3.1;
2011) since 2013 were considered to define histological
subtypes. The classification of the Central Brain Tumor
Registry of the United States (CBTRUS)® was used
to make histology groupings. The study protocol was
reviewed and approved by the ethics committee of the
Golestan University of Medical Sciences. Data analysis

was conducted in Stata version 14.0 (StataCorp).

Results

In total, 850 malignant brain and other CNS tumors (480
in males and 370 in females) were reported to the GPCR
during 2004-2013 (ASR = 6.1 per 100000 person-years)
(Table 1): 445 cases (255 in males and 190 in females,
ratio: 1.3) in urban areas (ASR = 6.2) and 405 cases (225
in males and 180 in females, ratio: 1.2) (ASR = 5.9) in
rural areas (Table 1).

Trends in incidence rates in urban and rural regions
showed similar patterns until 2008 and somewhat
diverging trends thereafter with slightly higher rates in
urban relative to rural areas (Figure 1). The patterns of
age-specific incidence rates were similar in urban and
rural regions (Supplementary file 1, Figure S1). Over the
10-year period (2004-2013), the incidence of brain and
other CNS cancers was observed to increase in Golestan
for all ages but specifically, in those aged above 50 years
and residing in urban areas (Figure 2), although the trends
were not statistically significant (Table 2).

Overall, 38% and 13% of all brain and other CNS
tumors were gliomas and embryonal tumors, respectively,
while the proportion of unspecified malignant neoplasms
was 48.5% (Figure S2). Glioblastoma was the most
common malignant tumor (129 out of 850 cases; 15.2%),
occurring mostly in older individuals (mean age =
standard deviation: 51.2 + 16.2 years), followed by diffuse
astrocytoma (98 out of 850 cases; 11.5%) and malignant
meningioma (54 out of 850 cases; 6.3%) (Table 3).

Discussion

In this descriptive report of trends in the incidence of
brain and other CNS cancers in Golestan during 2004-
2013, we observed an upward trend in incidence, which
was slightly more pronounced in urban compared to rural
regions with stabilization in incidence rates since 2008.
Moreover, our results showed that glioblastoma, diffuse
astrocytoma, and malignant meningioma were the most
common histological types. While previous studies?*
have investigated the epidemiology of CNS tumors in
Iran, these studies have been limited to cases diagnosed in
the hospital settings.

Globally, there is large variability in the burden of brain
and other CNS cancers, suggesting a 5-fold difference
between the regions with high (mainly in Europe) and the
low (mainly in Asia) incidence rates.”*** Over the last few
decades, the increasing trends in the incidence of brain
and other CNS cancers suggested substantial burden for
this cancer worldwide.?® The incidence of 6.1, which we
found in this study, is in line with findings from other
studies that reported an estimate of 5.9 for Iran,"** and it
is higher than other countries in the Middle East such as
Iraq (4.8 per 100 000) or Jordan (4.4 per 100 000)."* While
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Table 1. Number of New Cases and ASR Rates Per 100000 Person-Years of Brain and Central Nervous System Cancers in the Golestan Province, Iran 2004-2013

Residential Area

Age Year Gender Urban Rural Total
Cases ASR (95% CI) Cases ASR (95% CI) Cases ASR (95% CI)
Male 116 8(5.4,8.1) 124 7.6 (6.1, 9.0) 240 1(6.1,8.0)
2004-2008  Female 87 8 (4.4,7.0) 79 4.9(3.7,6.0) 166 3 (4.4, 6.1)
Total 203 3(5.3,7.2) 203 6.2(5.3,7.1) 406 2(5.5,6.8)
Male 139 1(5.9,8.4) 101 6.0 (4.7,7.3) 240 6 (5.7, 7.5)
All Ages 2009-2013 Female 103 1(4.0,6.1) 101 5.5 (4.3, 6.6) 204 3(4.5,6.1)
Total 242 1(5.3,7.0) 202 5.7 (4.9, 6.5) 444 9(5.3, 6.5)
Male 225 7(5.8,7.7) 255 7.0 (6.1, 8.0) 480 9(6.2,7.5)
2004-2013 Female 190 4(4.5,6.2) 180 5.2 (4.4, 6.0) 370 3(4.7,5.8)
Total 445 6.2 (5.6, 6.8) 405 5.9 (5.3, 6.5) 850 6.1 (5.6, 6.5)
Male 68 7 (2.8, 4.6) 74 4.1(3.1,5.1) 142 9(3.2, 4.5)
2004-2008  Female 43 5(1.7,3.3) 45 2.7(1.9, 3.5) 88 6(2.0,3.1)
Total 111 12.5,3.7) 119 3.4 (2.7, 4.0) 230 2(2.8,3.7)
Male 72 4(2.6,4.2) 56 3.2(2.3,4.0) 128 3(2.7,3.8)
<50 years 20092013  Female 62 0(2.2,3.8) 56 1(2.2,3.9) 118 1(2.5,3.6)
old , ,
Total 134 2(2.6,3.7) 112 102.5,3.7) 246 2(2.7,3.6)
Male 140 5(2.9, 4.1) 130 7(3.0,4.3) 270 6 (3.1, 4.0)
2004-2013 Female 105 7(2.2,3.3) 101 9(2.3,3.5) 206 8(2.4,3.2)
Total 245 1(2.7,3.5) 231 3.3(2.8,3.7) 476 2(2.9,3.5)
Male 48 19.0 (13.5, 24.4) 50 21.5(15.3, 27.6) 98 19.8 (15.8, 23.9)
2004-2008  Female 44 18.8 (13.1, 24.5) 34 13.6 (8.9, 18.3) 78 16.0 (12.3, 19.6)
Total 92 18.9 (15.0, 22.9) 84 17.4(13.6,21.2) 176 17.9 (15.2, 20.6)
Male 67 222 (16.7, 27.7) 45 17.3 (12.1,22.6) 112 20.0 (16.1, 23.8)
;5(? years 2009-2013  Female 7 13.5(9.2,17.7) 45 15.1(10.6, 19.6) 86 143 (11.2,17.4)
Total 108 17.9 (14.4,21.4) 90 16.1(12.7, 19.5) 198 17.1 (14.6, 19.5)
Male 115 21.1(17.2, 25.1) 95 19.0 (15.1, 23.0) 210 20.0 (17.2, 22.8)
2004-2013 Female 85 15.9 (12.4, 19.4) 79 143 (11.1,17.6) 164 15.1(12.7, 17.5)
Total 200 18.6 (15.9, 21.2) 174 16.6 (14.1,19.1) 374 17.5 (15.7, 19.3)
ASR, age-standardized incidence.
100 the underlying causes for the international differences in

the frequency and distribution of brain tumors are largely
unknown, they may be partly explained by variations
in exposure to known and suspected environmental or
lifestyle risk factors. These include dietary factors (cured
meat consumption and low intake of vitamin C), as well
as genetic diversities between racial/ethnic groups residing
in different geographical regions. One cannot, however,
discount differences in protocols and standards of case
ascertainment, reporting, coding as well as diagnostic
standards across cancer registries."

Recent economic developments in Iran in urban areas
may have led to inequalities in health by region in terms
of access to health services. The observed increase in brain
cancer among older individuals living in urban areas may

Incidence rates (log scale) per 100,000 person-years

have been a result of better access to diagnostic services,
in particular CT and MRI examinations.®' Although it is
, : : : , : : : possible that the use of MRIs in the 1980s is associated

N4 < g ¢ ¢ ¢ S & . . . .
A . A A I I with the observed increase in trends, there is no data to
Age Group confirm this. There have been, however, broader changes
Urban Ra - Tow in brain cancers classification as well as improvements in

the diagnosis and reporting of these cancers over time.

Figure 1. Trends in Brain and Central Nervous System Cancer Incidence Moderate—to—high—dose ionizing radiation has been known

(Per 100000 Person-Years) in Golestan Province, Iran 2004-2013. and the only established environmental risk factor for
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Figure 2. Estimated Annual Percentage Change (EAPC) in Age-Standardized Brain and Central Nervous System Cancer Incidence Per 100,000 in Golestan, Iran

2004-2013.

brain and other CNS cancers.’>* It has been shown that
high doses of therapeutic radiation may increase the risk
of developing brain and CNS tumors,"**% although the
prevalence of therapeutic radiation is low in the general
population. There is also a growing public concern
regarding possible adverse health effects due to exposure
to radiofrequency fields from mobile phones.*® Recently,
results from a large case—control study from 13 countries
could not draw any strong conclusion about increased
risk of brain cancer associated with mobile phone use."?
Available epidemiological data also highlighted a role of
pesticides as a primary concern, especially among farmers.
In a meta-analysis of thirty-three studies on farmers,
a 30% increase in the risk of brain cancer was reported
(odds ratio: 1.30, 95% CI: 1.09, 1.56).> Yet, incidence
rates were slightly lower in rural areas with higher levels of
pesticide exposure when compared to urban areas.

Our results suggested higher incidence of malignant
brain and other CNS tumors in males than females,
which is in line with previous studies.” Although female
sex hormones have been proposed by some investigators
as protective factors against brain cancer, innate
differences in the susceptibility of X and Y chromosomes
to tumorigenic stimuli was also suggested as a possible

Table 2. Estimated Annual Percentage Change (EAPC) of Brain and Central
Nervous System Cancers and Age Groups 2004-2013

Age Groups Residential Area  EAPC  Lower Limit ~ Upper Limit
Urban 1.08 -6.03 8.72

All ages Rural 0.79 -6.41 8.55
Total 1.13 -6.06 8.87
Urban 0.53 -9.19 11.28

<50 years Rural 0.18 -9.34 10.70
Total 0.51 -9.13 11.18
Urban 1.46 -2.75 5.86

>50 years Rural 1.28 -3.11 5.88
Total 1.59 -2.74 6.11

EAPC, Estimated Annual Percentage Change.

explanation for higher rates of brain cancers among
males.*® Higher incidence in older age groups (=50 years
old) has been suggested to be linked to bioaccumulation of
environmental toxic exposures that may increase the risk of
brain and CNS tumors. Previously, in a study conducted
in the United States, older age was associated with an
increased risk of brain cancer (relative risk: 3.1, 95% CI:
3.0, 3.2), similar to residence in a metropolitan county

(relative risk: 1.35, 95% CI: 1.31, 1.38).* Although

Table 3. Number of New Malignant Tumors of the Brain and Central Nervous
System by Histology, 2004-2013 in Golestan

Histology Total % Mean Age + SD
Tumors of neuroepithelial tissue

Glioblastoma 129 15.1 51.2+16.2
Diffuse astrocytoma 98 11.5 35.0+17.4
Embryonal/primitive/medulloblastoma 35 4.1 20.8+17.6
Ependymoma 17 2.0 262 +17.3
Anaplastic astrocytoma 16 1.8 32.6 +16.4
Oligodendroglioma 15 1.7 41.9+£10.3
Fibrillary astrocytoma 9 1.0 37.2+18.3
Glioma 9 1.0 33.8+215
Mixed glioma 7 0.8 39.5+9.9
Anaplastic oligodendroglioma 5 0.5 40.0 £ 19.6
Other tumors of neuroepithelial tissue 17 0.5 35.7 +15.4
Tumors of cranial and spinal nerves

Neurofibroma 5 0.5 35.8+22.3
Schwannoma 5 0.5 38.0+7.6
Meningioma 54 6.3 54.0 £20.2
ao:ger;;i(;s::ncthymal, non-malignant 5 05 456+ 11.1
Tumors of the hematopoietic system

Malignant lymphomas 9 1.0 38.77 £23.0
Germ cell tumors

Germinoma/teratoma 2 0.2 19.5+12.0
Unclassified tumor

Neoplasm, unspecified 413 485 49.4+£19.9
Total 850  100.0 —

SD, standard deviation

4 Arch Iran Med, Volume 23, Issue 1, January 2020



Brain Cancer Incidence in Golestan, Iran

farmers with extensive exposure to pesticides have been
9,10

shown to be at higher risk of brain cancer,”' it may be
concluded that the effects of pesticides are small, or the
proportion of farmers is low, or there are more important
risk factors in urban areas.

Consistent with current evidence,® our results showed
that tumors of the meninges are more common among older
individuals (=50 years of age) and the mean age at diagnosis
for incidence of embryonal/primitive/medulloblastoma
and diffuse astrocytoma tumors was found to be 20 and 35
years, respectively. Worldwide, the most common tumor
originating from the neuroepithelium, regardless of gender
is glioblastoma.” In Golestan, for the period of 2004-
2013, glioblastoma accounted for 15.1% of all brain and
CNS tumors and 36.1% of all neuroepithelium tumors.
This distribution is similar to that reported in the United
States (2009-2013), where glioblastoma was reported to
account for 14.9% of all brain and other CNS tumors and
46.6% of all neuroepithelium tumors.”’ Histologically
confirmed diagnoses accounted for 52% of all brain and
other CNS tumors in our study compared to 73% in the
United States* and 86% in Japan.” This would suggest
that a considerable number of the brain and other CNS
cancers in the GPCR were registered without histological
confirmation.

This study presents the GPCR findings on distributions
and trends in brain and other CNS cancer incidence in
Golestan. The potential misclassification of histological
subtypes may occur due to the complexities in the tumor’s
pathological classification.” Considering the new brain
and other CNS tumor classification (the 2016 World
Health Organization [WHO] classification of tumors of
the CNS),* which was introduced in 2007,' may improve
case ascertainment and increase the accuracy of diagnosis
and consequently, may result in improvement of the
quality of the GPCR data. Due to small number of cases,
we were not able to examine incidence patterns and trends
by histology and for more granular age groups.

In conclusion, the results of this study indicate that brain
and other CNS cancer incidence in Golestan may have
stabilized since 2008. The slight increase in the incidence
at older ages in urban regions may reflect differences in the
distribution of risk factors, but may equally point towards
differences in access to diagnostic services. Exposure to
ionizing radiation has been proposed as the main risk factor
for brain and other CNS tumors; however, the extent to
which other genetic or environmental factors contribute to
the variations is yet to be elucidated. Evidently, incidence
trends of brain and other CNS cancers require careful
monitoring; it is hoped that future research will increase
our understanding of the underlying risk factors and
increase the prospects for cancer control strategies.
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