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Introduction: The Golestan population-based cancer registry (GPCR) was established in Golestan province,
Northern Iran, within the Asian belt with predominance of upper-gastrointestinal cancers. We aimed to present
the experiences of the registry in a resource–limited setting over the 10 years since its inception (2004–2013).
Methods: The GPCR was established as a research project to enable sustainable funding. A clear plan was developed for use of the GPCR data. New primary cancers were registered based on international standards, indices
of data quality were routinely assessed and age-standardized incidence rates (ASR) per 100,000 person-years
calculated using IARC’s CanReg-5 software.
Results: Overall, 19807 new cancer cases were registered during the study period, an average of 1981 cases per
annum, with overall ASR of 175.0 and 142.4 in males and females, respectively. The GPCR data suggested
gastrointestinal and breast cancers as the most common malignancies in Golestan province. We observed increasing incidence rates of breast and colorectal cancers but declining trends of esophageal cancer. Overall,
indices of data quality were within acceptable ranges.
Conclusions: The GPCR data have been included in IARC’s Cancer Incidence in Five Continents series, were used in
21 research projects, and published as 30 research papers. The key ingredients for the successful establishment
and maintenance of the GPCR included sustainable sources of funding, a clear action plan for the use of data as
well as stakeholder cooperation across all areas of the registration. The GPCR may be considered as a model for
planning population-based cancer registries in lesser-resourced settings.

1. Background
According to worldwide data available in the GLOBOCAN series of

⁎

the International Agency for Research on Cancer (IARC), 14.1 million
new cases of cancers and 8.2 million cancer-related deaths occurred in
2012 [1]. During the last decades, the number of cancer cases have
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challenge in the establishment and maintenance of the GPCR. We assessed diﬀerent scenarios and were able to attain research grants as a
means of sustainably funding the GPCR; we conducted the GPCR as a
research project that was later approved by the GOUMS review board.
Another key aspect of the registry’s development was to ensure
comprehensive cooperation of the stakeholders involved the registration process. We invited motivated healthcare professionals, in both the
public and private sectors, as well as staﬀ from the health, research,
treatment, information technology and food/drug domains within the
GOUMS to join as GPCR collaborators; as a stakeholders’ group, the
GPCR collaborators were given priority access to the GPCR data.

certainly increased, in part due to population ageing and growth, increasing the priority for operational national cancer control programs.
Access to epidemiological data from population based cancer registries
on the scale and proﬁle of new cancer cases and deaths is a cornerstone
in cancer control planning.
The ﬁrst population-based cancer registries were initiated in the
1920s in Europe and the U.S. some years later [2]. The formal relations
developed between the International Agency for Research on Cancer
(IARC) and the International Association of Cancer Registries (IACR) in
the early-1970s, meant cancer registration activities were advocated
according to internationally accepted protocols and standards. According to the Cancer in Five Continents (CI5) Volume X, there were
more than 290 population-based cancer registries considered of high
quality in 68 countries worldwide, but most of these registries are from
developed countries [3].
The Golestan province of Northern Iran has been known as a high
risk area for upper gastrointestinal cancers since the 1970s [4,5]. Determining the underlying risk factors of these cancers has historically
been a major challenge for health authorities in this high risk region
during recent decades. To address this, the “Gastric and Esophageal
Malignancies in Northern Iran” (GEMINI) project was conducted by the
Digestive Diseases Research Institute (DDRI) in collaboration with the
IARC, the National Cancer Institute (NCI) and Golestan University of
Medical Sciences (GOUMS) [6]. The GEMINI project consisted of a
series of studies including case-control studies, ecological studies,
screening studies and the Golestan Cohort Study (GCS). Establishment
of cancer registry was considered as a prerequisite condition to conduct
these studies, especially the GCS. To meet this requirement and as a ﬁrst
step to cancer control in this high-risk population, the Golestan Population-Based Cancer Registry (GPCR) was established to provide reliable
cancer statistics to GEMINI research group as well as to local and national health policy makers. The GPCR data were published in the CI5
and the registry was accepted as a voting member by the IACR in 2007
[3]. Early results of the GPCR have published previously [7,8]; in this
paper we describe the process of establishing and maintaining the
GPCR. By sharing the 10-year experience of the GPCR, we hope to
provide a practical example on how a population-based cancer registry
can ﬂourish in a low resource setting.

2.4. Organization of the GPCR
The GPCR was established by the Golestan Research Center of
Gastroenterology and Hepatology (GRCGH), aﬃliated to GOUMS,
under the supervision of DDRI aﬃliated to Tehran University of
Medical Sciences (TUMS). The GPCR included a steering committee
comprising the principal investigators (PIs) of the GPCR research project and the Chancellor of GOUMS. A Secretariat consisted of representatives from GRCGH, the stakeholders listed above, as well as a
consultant pathologist and an epidemiologist.
2.5. Study design
The GPCR included two phases with diﬀerent designs for data collection. During the ﬁrst phase (in 2001), data on cancer patients diagnosed between 1996 and 2000 were retrospectively collected and the
results published [8]. After a few years where the registry ceased to
function, a second (prospective) phase of GPCR data collection began in
2004, as a population-based cancer registry. In the present paper, we
focus on a 10-year prospective phase of the GPCR: from 2004 to 2013.
2.6. Deﬁnitions, rules and standards
The GPCR registered only primary cancers, with all deﬁnitions and
protocols of data collection were deﬁned according to standards and
rules developed by the IARC and IACR, including multiple primary
rules [9–11]. We aimed to register tumors with malignant or in situ
behaviors. In other words, the GPCR did not register tumors with benign or uncertain behaviors. Based on IARC and IACR guidelines, certain patient and tumor characteristics were considered as necessary
items for data collection. These included patient’s registration number,
ﬁrst name, last name, sex, age and address as well as topography of
tumor, morphology and behavior of tumor, method of diagnosis, date of
diagnosis and source of data. The GPCR also collected available data on
optional items including patients’ national identiﬁcation number, father’s name, ethnicity, marital status and phone number as well as
grade of tumor, modalities of treatment, vital status and date of death.
The GPCR data collection form was developed to ensure the collection
of the above-mentioned variables.

2. Methods
2.1. Registration area
The GPCR covers the population of Golestan province, located in the
northeast of Iran. The total land area of the province is 20438 km2,
about 1.3% of total land area of Iran and about half of the population
lives in urban areas. Almost all cancer-related diagnostic and therapeutic services including cancer surgery (open and laparoscopic surgeries), radiotherapy, chemotherapy, CT-scan, MRI, upper endoscopy,
colonoscopy, sonography, mammography and pathological examinations are provided within the province. There are seven referral hospitals in covering the Western and Eastern parts of the province.

2.7. Sources of data
2.2. Population data
We determined all potential sources of data including health care
centers throughout the province. This information was obtained from
the deputy of treatment aﬀairs of the GOUMS and the list was updated
annually. All public and private diagnostic and therapeutic centers
(hospitals, pathology/laboratory centers, imaging centers and selected
specialist physician's oﬃces) as well as primary health centers
throughout the Golestan province were considered as potential sources
of data.
The Death registry unit was another source of the data; the GPCR
regularly received information on cancer-related deaths from this unit
housed within the health department of GOUMS. We matched this data
against the incident cancer case ﬁle using linkage methods to identify

National population censuses are oﬃcially undertaken every ﬁve
years by the Iranian Statistical Center, with the last census done in
2016. In addition, provincial population census is oﬃcially done every
year by the Deputy of Health of GOUMS. There are only minor diﬀerences between the national population census data and those for the
provincial population; we therefore used the latter in our registry, given
the data were consistently available for all individual years.
2.3. Source of funding
Access to permanent and stable ﬁnancial support was an important
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Cancer Epidemiology 52 (2018) 128–133

G. Roshandel et al.

unreported cases; these were then registered as death certiﬁcate only
(DCO) cases. We also collected information on cancer patients referred
to healthcare centers outside the registration area. The GPCR regularly
received data from sources in neighboring provinces, particularly in
Tehran, Khorasan Razavi and Mazandaran to minimize under-ascertainment.

the research council of the GRCGH. After a peer-review and approval
process undertaken by the GRCGH research council, data on requested
variables were provided to the principal investigator of the study. The
study plan and general information on the available data were announced to researchers and all other potential stakeholders inside and
outside the GOUMS.

2.8. Data collection methods

2.12. Ethical considerations

The next step was to ensure dedicated cancer registry collaborators
were available to support collection from each source. We aimed to ﬁnd
interested personnel from healthcare centers and invite them to collaborate with the GPCR as abstractors; we were able to assign abstractors
in 65% of GPCR sources. Among these sources, data were collected
passively, i.e., notiﬁcations of newly-diagnosed cancer cases were sent
to the GPCR oﬃce on a routine, and continuing basis. In the remaining
35% of sources for which we could not ﬁnd an abstractor, active data
collection methods were required. GPCR staﬀ regularly visited these
sources to directly collect information on cancer cases. All abstractors
and GPCR staﬀ were trained in dedicated cancer registry workshops.
After training GPCR abstractors and staﬀ, the process of data collection
commenced using the GPCR data collection forms.

The protocol of all GPCR research projects were approved by the
ethics committee of GOUMS. All GPCR staﬀ were trained to appropriately consider conﬁdentiality in all stages of the registration process,
including data collection, transmission, access to and storage of data,
data usage and record linkage. Conﬁdentiality measures were used to
ensure the preservation of anonymity of cancer cases, as well as the
optimal quality and use of the registry data. On receipt of a research
proposal requesting use of the GPCR data, if the protocol involved
analysis of available data, there was no need for ethical approval; if
however, investigators aimed to collect additional data on cancer patients, they had to apply for new approval from GOUMS ethics committee in addition to scientiﬁc approval by the GRCGH research
council.

2.9. Coding systems, data entry and analysis

3. Results

Data on patients' place of resident was collected as a necessary item.
At the time of data entry, addresses were coded using an oﬃcial list of
divisions and subdivisions of Iran (including the name of all provinces,
cities, towns and villages). We obtained this list from the Statistical
Center of Iran (SCI). At the time of analysis, all cases with address codes
within the registration area of Golestan province were entered into the
analysis and subjects with address codes outside this area excluded.
The third edition of the International Classiﬁcation of Diseases for
Oncology (ICD-O-3) was used for coding tumor characteristics, including topography, morphology, behavior and grade [12]. Data were
entered into CanReg-4, a free software created and published by the
IARC [13]; the system is being upgraded to the newer CanReg-5; the
data were analyzed using the latter software [14]. The GPCR routinely
reports indices of the quality of data, as well as the number of cases,
age-speciﬁc rates, crude rates and age-standardized incidence rates
(ASR) using the Segi-Doll world population [15]. In the present paper,
as with international projects including CI5, only tumors with malignant behavior were included in the analysis to ensure comparability of
the results.

3.1. New cases and incidence rates
The total number of new cancer cases registered at the GPCR
2004–2013 was 19807, 10577 diagnoses (53.4%) in males and 9230
(46.6%) in females. The median (inter-quartile range) age of cancer
patients was 58 (44–70) years. The ASR of cancers were 175.0 and
142.4 in males and female, respectively, with cancers of the stomach,
esophagus, colorectum, lung as well as leukemia, the most common
cancers in men. In women, cancers of the breast, esophagus, colorectum, stomach and leukemia were the top ﬁve malignancies. Table 1
shows incident cases, age-speciﬁc rates and ASRs (per 100,000 personsyear) for the 10 most common cancers in Golestan province during the
study period. Figs. 1 and 2 show the temporal variations of the ASR of
the ﬁve highest ranking cancers in the province between 2004 and
2013.
3.2. Quality of data
Table 2 shows the temporal variations in indices of quality of GPCR
data during the study period. The DCO and MV proportions were 7.4%
and 73.2% of cases, respectively. The MV% increased from 62.5% in
2004 to 77.5% in 2013. In contrast a decreasing trend was observed for
the DCO%, from 21.2% in 2004 to 4.7% in 2013.

2.10. Quality of data
We routinely calculated and controlled diﬀerent indices of quality of
data including the proportion of cases with microscopic veriﬁcation
(MV%), cases diagnosed only by death certiﬁcate (DCO%), cases with
unknown age, and cases with unknown primary site. In addition, 10%
of the collected data were re-checked and compared with original
documents in selected sources to verify the completeness and accuracy
of the abstraction process.

3.3. Use of the data
The GPCR data were used to conduct 21 research projects including
13 student thesis (MSc, MD and PhD) and eight collaborative research
papers. The results of these projects as well as other related works were
published in more than 30 research articles, mostly in international
journals. In addition, the GPCR data were used in diﬀerent international
collaborative projects. Our data were compiled in recent CI5 Volumes
[3], as well as the third Volume of the International Incidence for
Childhood Cancer (IICC-3) [16].

2.11. Use of the data
As in central to all cancer registries, the main aim of the GPCR is to
provide accurate data on cancer patients to health policy makers.
Therefore, the GPCR data were annually analyzed and annual reports
provided to GOUMS authorities as well as to all stakeholders. The GPCR
data were also used to conduct research projects; most of these were
resulted in national and international collaborations between GRCGH
and GOUMS with diﬀerent universities, institutes and organizations.
We developed a clear plan for use of the GPCR data by external users.
Brieﬂy, applicants were asked to provide a short research proposal to

4. Discussion
Population-based cancer registries are a cornerstone of cancer
control planning, yet their development remains a major challenge in
LMIC. The aim of this paper was to demonstrate how the GPCR as a
subnational PBCR was established with the appropriate degree of
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Table 1
Incident cases, age-speciﬁc and age standardized incidence rates (ASRs) (per 100,000 persons-year) for the 10 most common cancers in Golestan province 2004–2013 by sex (Source:
GPCR).
Gender

Organ

Number

%

Age speciﬁc rate
0-14 years
15–24 years

25–34 years

35–44 years

45–54 years

55–64 years

> =65 years

Crude rate

ASR

Male

Stomach
Esophagus
Colorectal
Lung
Leukemia
Prostate
Skin
Lymphoma
Bladder
Nervous system

1576
1221
911
907
817
690
661
567
529
475

15.8
12.3
9.2
9.1
8.2
6.9
6.6
5.7
5.3
4.8

0.0
0.0
0.0
0.1
14.9
0.1
0.8
4.2
0.0
5.0

0.4
0.6
1.5
0.8
7.9
0.1
1.0
7.5
0.8
4.9

3.3
1.5
6.8
2.8
7.5
0.3
2.8
9.1
1.8
7.9

16.0
12.9
23.1
12.9
15.8
0.9
9.3
12.7
5.1
13.6

59.4
50.6
57.7
39.9
33.9
11.4
25.2
28.8
25.3
22.5

188.2
151.5
104.9
130.0
65.4
52.9
86.9
44.4
69.0
42.0

1289.6
962.2
487.3
590.9
327.4
931.3
537.6
170.2
428.6
112.1

18.4
14.2
10.6
10.6
9.5
8.0
7.7
6.6
6.2
5.5

27.4
21.6
14.9
16.0
12.3
12.0
11.4
8.0
9.2
6.9

Female

Breast
Esophagus
Colorectal
Stomach
Leukemia
Skin
Ovary
Nervous system
Lung
Lymphoma

2121
930
715
686
599
416
400
369
362
333

24.0
10.5
8.1
7.8
6.7
4.7
4.5
4.2
4.1
3.8

0.0
0.0
0.0
0.0
10.3
0.2
0.6
3.7
0.4
2.1

5.3
0.4
1.6
0.3
4.7
0.4
2.7
3.1
0.8
5.5

36.4
1.6
7.5
3.1
6.3
2.5
5.7
6.7
2.3
7.6

116.8
7.3
15.2
10.1
12.3
8.1
16.6
10.7
5.4
8.8

179.5
39.2
53.1
28.1
29.8
22.7
26.2
18.7
14.4
11.6

140.6
122.0
80.8
75.9
48.9
47.2
38.5
30.6
39.8
25.8

274.3
720.2
322.1
532.7
216.7
270.5
78.7
104.1
260.4
84.2

25.1
11.0
8.5
8.1
7.1
4.9
4.7
4.4
4.3
3.9

29.3
16.8
11.6
12.0
9.1
7.1
5.7
5.3
6.2
4.5

ﬁnancing and human resources, present summary results over the ﬁrst
decade, and to review the speciﬁc determinants that have ensured the
sustainability of the GPCR during the ﬁrst 10 years. This hopefully aids
health planners in other LMIC in developing such institutions to develop the necessary data to inform cancer policy.
Similar to previous reports from this region of Iran [7,8], we found
declining trends in the incidence of esophageal cancer (Figs. 1 and 2).
But, despite this declining trend, cancers of the esophagus and stomach
remained the leading malignancies in this population, especially among
males (Table 1). These cancer statistics were useful in designing the
GCS, a large-scale prospective cohort study of more than 50,000 participants [17,18]. Findings from the GCS revealed an array of diﬀerent
risk factors for these cancers in this high-risk population including hot
tea [19], smoking and opium consumption [20,21], obesity [22], poor
oral hygiene [23], socioeconomic status [24], diet-related habits and
behaviors [25,26]. The results of the GPCR and GCS were provided to
GOUMS oﬃcials and other stakeholders to be considered in designing
speciﬁc cancer control program in this population.
Malignancies of the colorectum, breast (in female) and lung (in
male) were also among the most common cancers observed in the
Golestan province (Table 1), with increasing incidence rates of these
cancers during the study period (Figs. 1 and 2). Similar temporal patterns have been reported in other populations [27]. The increasing
prevalence of well-known modiﬁable lifestyle-related risk factors

including obesity, dietary habits, low physical activity and smoking are
among the most probable explanatory factors for these trends [27,28].
With such patterns and trends brought to light using the GPCR data, the
need to design eﬀective primary prevention programs aimed at reducing or an elimination of the candidate risk factors, as well as suitable
secondary prevention programs should be considered a priority in instigating cancer control policies in the region.
Our ﬁndings suggested relatively poor quality for the GPCR data
during earlier years of its activity. As shown in Table 2 however, data
quality indices have improved and reached desirable levels in the later
part of the study period. The proportions of cases with unknown primary site were within acceptable ranges [3] during the study period.
The highest proportion was found in ﬁrst year (2004). Then, after a
declining trend during 2005–2009, there was a second peak in the years
2010–2011. Although we could not ﬁnd evidence to clearly explain
these trends, the addition of new sources of data as well as recruitment
of additional registrars may be considered possible explanations. Irrespectively, the diﬀerences were not considerable (about 2–3 percent)
and are not likely to have negative eﬀects on the quality of the GPCR
data. According to a quality evaluation, the GPCR can be considered as
a high quality population-based cancer registry. Comparing data
quality indicators at the GPCR relative to those from other high-quality
cancer registries in the region [3], the MV% and DCO% were within
acceptable ranges. In addition, as part of the GPCR’s quality control
Fig. 1. Temporal variations in age standardized incidence rates (ASR) of ﬁve common cancers in
Golestan province during 2004 and 2013-Males.
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Fig. 2. Temporal variations in age standardized incidence rates (ASR) of ﬁve common cancers in
Golestan province during 2004 and 2013-Females.

maintenance of the GPCR included sustainable sources of funding, a
transparent plan for the use of data that ensures the comprehensive
cooperation of all institutional authorities and healthcare professionals
working with the GPCR. The GPCR may be considered as one model in
the sustainable planning of population-based cancer registries in LMIC.

program, research projects with diﬀerent methodologies including
capture-recapture were conducted [29], resulting in encouraging ﬁndings with regards the completeness of the GPCR data. Finally, inclusion
of the GPCR data in the CI5 series [3] is a broad indicator of the quality
of the GPCR data.
We routinely used the GPCR data to prepare annual reports for
health policy makers in GOUMS, as well as other stakeholders. In addition, the data were used for conducting international research projects with diﬀerent designs, including case-control, cross-sectional,
survival analysis and diagnostic accuracy studies. The results of these
studies were published in diﬀerent local and international journals
[7,8,29–57]. The GPCR data were also used in GEMINI studies, especially in the GCS. Close collaboration between the GPCR with the GEMINI was a great opportunity for the GPCR progress and it was mutually supported by the GEMINI. These processes should collectively
result in an improvement of the GPCR data.
A clear operational plan for the use of registry data role is essential
in the sustained development of cancer registries. We deﬁned a speciﬁc
strategy that ensured the GPCR data and reports were made available to
all stakeholders, including the research community. Other determinants
supporting the continuity of the GPCR included safeguarding sustainable sources of funding and comprehensive collaborations across all
sections of the GOUMS. To achieve this, the GPCR was conducted as a
research project; the GPCR research proposal allowed access to appropriate funding in the form of research grants. In addition, the privilege of being a collaborator in the GPCR research project was a strong
incentive for the GOUMS authorities, physicians and other healthcare
professionals alike, ensuring the GPCR had good cooperation with all
relevant stakeholders.
In conclusion, the GPCR data informed planners of the importance
of cancers of the gastrointestinal tract as well as breast cancer, as the
most common malignancies in the Golestan province between 2004 and
2013. We also found that declining trends in esophageal cancer incidence rates were oﬀset by increasing trends in the breast and colorectal cancer incidence rates, during the study period. Our results
showed generally improving trends in indices of data quality, with the
GPCR data quality reaching acceptable levels of quality in the latter
years. The main indicators for the successful establishment and
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Table 2
Temporal changes in the indices of quality of data in Golestan population-based cancer registry (GPCR) 2004–2013.

Microscopic veriﬁcation (%)
Death certiﬁcate only (%)
Unknown primary site (%)
Unknown method of diagnosis (%)
Unknown age (%)
Unknown sex (%)

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

62.5
21.2
5.9
0
0
0

70.3
11.3
2.2
0
0
0

71.0
8.3
1.2
0
0
0

73.6
5.6
1.5
0
0
0

74.8
4.6
2.4
0
0
0

74.8
4.7
2.3
0
0
0

74.6
5.0
4.9
0
0
0

75.4
3.8
5.1
0
0
0

77.0
4.7
2.6
0
0
0

77.5
4.7
1.5
0
0
0

ASR: Age standardized incidence rates (per 100,000 person-years).

132

Cancer Epidemiology 52 (2018) 128–133

G. Roshandel et al.

References

(2016) 93–99.
[31] Z. Semnani, et al., Determinants of healthcare utilisation and predictors of outcome
in colorectal cancer patients from Northern Iran, Eur. J. Cancer Care (Engl.) 25
(2016) 318–323.
[32] G. Golalipour, S. Semnani, B. Safaie, et al., Predictors of survival in oesophageal
cancer patients in a high-risk area in Northern Iran: the role of health services
utilisation, Eur. J. Cancer Care (Engl.) 26 (2017) e12549.
[33] N.S. Taheri, S. Bakhshandehnosrat, M.N. Tabiei, et al., Epidemiological pattern of
breast cancer in Iranian women: is there an ethnic disparity? Asian Pac. J. Cancer
Prev. 13 (2012) 4517–4520.
[34] N. Taheri, A. Fazel, H. Mahmoodzadeh, et al., Epidemiology of female reproductive
cancers in Iran: results of the Gholestan population-based cancer registry, Asian
Pac. J. Cancer Prev. 15 (2014) 8779–8782.
[35] M. Tabaeizadeh, V. Haghpanah, A. Keshtkar, et al., Goiter frequency is more
strongly associated with gastric adenocarcinoma than urine iodine level, J. Gastric
Cancer 13 (2013) 106–110.
[36] S. Semnani, S. Besharat, A. Arabali, et al., Relation between drinking water hardness and the incidence of esophageal and gastric cancers, J. Gorgan Univ. Med. Sci.
11 (2009) 76–80.
[37] S. Semnani, A. Arabali, A. Keshtkar, et al., Nitrate and nitrite level of drinking water
and the risk of upper gastrointestinal cancers in urban areas of golestan province,
Northeast of Iran, J. Kerman Univ. Med. Sci. 16 (2009) 281–290.
[38] M. Salehi, E. Ahmadi, G. Roshandel, et al., Total burden of esophageal cancer
disability adjusted life years in Golestan Province during 1387, Govaresh 15 (2011)
276–282.
[39] G. Roshandel, S. Semnani, M. Aarabi, et al., Lymphomas in Golestan Province of
Iran: results of a population-based cancer registry, Asian Pac. J. Cancer Prev. 12
(2011) 219–222.
[40] G. Roshandel, S. Merat, M. Sotoudeh, et al., Pilot study of cytological testing for
oesophageal squamous cell dysplasia in a high-risk area in Northern Iran, Br. J.
Cancer 111 (2014) 2235–2241.
[41] G. Roshandel, R. Majdzadeh, A. Keshtkar, et al., Healthcare utilization in patients
with esophageal cancer in a high risk area in Northeast of Iran, Asian Pac. J. Cancer
Prev. 12 (2011) 2437–2442.
[42] G. Roshandel, M. Khoshnia, M. Sotoudeh, et al., Endoscopic screening for precancerous lesions of the esophagus in a high risk area in Northern Iran, Arch. Iran.
Med. 17 (2014) 246–252.
[43] N. Rajabli, M. Naeimi-Tabeie, A. Jahangirrad, et al., Epidemiology of leukemia and
multiple myeloma in Golestan, Iran, Asian Pac. J. Cancer Prev. 14 (2013)
2333–2336.
[44] H. Rahimzadeh-Barzoki, H. Joshaghani, S. Beirami, et al., Selenium levels in rice
samples from high and low risk areas for esophageal cancer, Saudi Med. J. 35
(2014) 617–620.
[45] Z. Nourafkan, P. Yavari, G. Roshandel, et al., Estimation of survival rate of esophageal cancer and some of its determinants in golestan province, north of Iran,
Iran. J. Epidemiol. 9 (2013) 11–18.
[46] F. Nejadi-Kelarijani, G. Roshandel, S. Semnani, et al., Diagnostic values of serum
levels of pepsinogens and gastrin-17 for screening gastritis and gastric cancer in a
high risk area in Northern Iran, Asian Pac. J. Cancer Prev. 15 (2014) 7433–7436.
[47] M.R. Motie, S. Besharat, R. Torkjazi, et al., Modiﬁable risk of Breast cancer in
Northeast Iran: hope for the future. A case-control study, Breast Care (Basel) 6
(2011) 453–456.
[48] A. Moradi, S. Semnani, G. Roshandel, et al., Incidence of childhood cancers in
Golestan Province of Iran, Iran. J. Pediatr. 20 (2010) 335–342.
[49] A. Keshtkar, S. Semnani, S. Besharat, et al., Colorectal cancer nutritional risk factors: a population based case-control study, Iran. J. Cancer Prev. 3 (2012) 93–97.
[50] A.S. Hosseintabar Marzoni, A. Moghimbeigi, J. Faradmal, Gastric and esophageal
cancers incidence mapping in Golestan Province, Iran: using bayesian-gibbs sampling, Osong Public Health Res. Perspect. 6 (2015) 100–105.
[51] F. Ghasemi-Kebria, G. Roshandel, S. Semnani, et al., Marked increase in the incidence rate of esophageal adenocarcinoma in a high-risk area for esophageal
cancer, Arch. Iran. Med. 16 (2013) 320–323.
[52] F. Ghasemi-Kebria, H. Joshaghani, N.S. Taheri, et al., Aﬂatoxin contamination of
wheat ﬂour and the risk of esophageal cancer in a high risk area in Iran, Cancer
Epidemiol. 37 (3) (2013) 290–293.
[53] S. Besharat, A. Jabbari, S. Semnani, et al., Inoperable esophageal cancer and outcome of palliative care, World J. Gastroenterol. 14 (2008) 3725–3728.
[54] N. Behnampour, E. Hajizadeh, F. Zayeri, et al., Modeling of inﬂuential predictors of
gastric cancer incidence rates in Golestan province, North Iran, Asian Pac. J. Cancer
Prev. 15 (2014) 1111–1117.
[55] N. Behnampour, E. Hajizadeh, S. Semnani, et al., The introduction and application
of classiﬁcation tree model for determination of risk factor for esophageal cancer in
golestan province, Jorjani 1 (2013) 38–46.
[56] M. Aryaie, G. Roshandel, S. Semnani, et al., Predictors of colorectal cancer survival
in Golestan, Iran: a population-based study, Epidemiol. Health 35 (2013)
e2013004.
[57] A.M. Alizadeh, G. Rohandel, S. Roudbarmohammadi, et al., Fumonisin B1 contamination of cereals and risk of esophageal cancer in a high risk area in northeastern Iran, Asian Pac. J. Cancer Prev. 13 (2012) 2625–2628.

[1] J. Ferlay, I. Soerjomataram, R. Dikshit, et al., Cancer incidence and mortality
worldwide: sources, methods and major patterns in GLOBOCAN 2012, Int. J. Cancer
136 (2015) E359–386.
[2] A. Sadjadi, S. Semnani, S.M. Nouraie, et al., Cancer registry in Iran: a brief overview, Arch. Iran. Med. 11 (2008) 577–580.
[3] D. Forman, F. Bray, D. Brewster, et al., Cancer Incidence in Five Continents vol. X,
International Agency for Research on Cancer, Lyon, 2013 IARC Scientiﬁc
Publication No. 164.
[4] J. Kmet, E. Mahboubi, Esophageal cancer in the Caspian littoral of Iran: initial
studies, Science 175 (1972) 846–853.
[5] E. Mahboubi, J. Kmet, P.J. Cook, et al., Oesophageal cancer studies in the Caspian
littoral of Iran: the Caspian cancer registry, Br. J. Cancer 28 (1973) 197–214.
[6] S.G. Sepanlou, A. Etemadi, F. Kamangar, et al., The gastro-esophageal malignancies
in Northern Iran research project: impact on the health research and health care
systems in Iran, Arch. Iran. Med. 16 (2013) 46–53.
[7] G. Roshandel, A. Sadjadi, M. Aarabi, et al., Cancer incidence in Golestan Province:
report of an ongoing population-based cancer registry in Iran between 2004 and
2008, Arch. Iran. Med. 15 (2012) 196–200.
[8] S. Semnani, A. Sadjadi, S. Fahimi, et al., Declining incidence of esophageal cancer in
the Turkmen Plain, eastern part of the Caspian littoral of Iran: a retrospective
cancer surveillance, Cancer Detect. Prev. 30 (2006) 14–19.
[9] O.M. Jensen, Cancer Registration: Principles and Methods, IARC, 1991.
[10] M.P. Curado, Cancer Incidence in Five Continents vol. IX, International Agency for
Research on Cancer, Lyon, France, 2008.
[11] Multiple primary rules working group, International Rules for Multiple Primary
Cancers, Internal Report No 2004/02, International Agency for Research on Cancer,
Lyon, 2004.
[12] A.G. Fritz, International Classiﬁcation of Diseases for Oncology: ICD-O, World
Health Organization, 2000.
[13] A.P. Cooke, D.M. Parkin, J. Ferlay, CanReg4: Computer Software for Cancer
Registries, International Agency for Research on Cancer, Lyon, 1999.
[14] M.J. Ervik, A.P. Cooke, J. Ferlay, et al., CanReg5: Computer Software for Cancer
Registries, International Agency for Research on Cancer, Lyon, 2008.
[15] M. Segi, Cancer Mortality for Selected Sites in 24 Countries 1950-57, Department of
Public Health, Tohoku University of Medicine, Sendai, 1960.
[16] E. Steliarova-Foucher, M. Colombet, L.A.G. Ries, et al., International Incidence of
Childhood Cancer Vol. III International Agency for Research on Cancer, Lyon, 2017.
[17] A. Pourshams, H. Khademi, A.F. Malekshah, et al., Cohort proﬁle: the golestan
cohort study–a prospective study of oesophageal cancer in Northern Iran, Int. J.
Epidemiol. 39 (2010) 52–59.
[18] A. Pourshams, M. Saadatian-Elahi, M. Nouraie, et al., Golestan cohort study of
oesophageal cancer: feasibility and ﬁrst results, Br. J. Cancer 92 (2005) 176–181.
[19] F. Islami, A. Pourshams, D. Nasrollahzadeh, et al., Tea drinking habits and oesophageal cancer in a high risk area in Northern Iran: population based case-control
study, BMJ 338 (2009) b929.
[20] R. Shakeri, R. Malekzadeh, A. Etemadi, et al., Opium: an emerging risk factor for
gastric adenocarcinoma, Int. J. Cancer 133 (2013) 455–461.
[21] D. Nasrollahzadeh, F. Kamangar, K. Aghcheli, et al., Opium tobacco, and alcohol
use in relation to oesophageal squamous cell carcinoma in a high-risk area of Iran,
Br. J. Cancer 98 (2008) 1857–1863.
[22] A. Etemadi, A. Golozar, F. Kamangar, et al., Large body size and sedentary lifestyle
during childhood and early adulthood and esophageal squamous cell carcinoma in a
high-risk population, Ann. Oncol. 23 (2012) 1593–1600.
[23] C.C. Abnet, F. Kamangar, F. Islami, et al., Tooth loss and lack of regular oral hygiene
are associated with higher risk of esophageal squamous cell carcinoma, Cancer
Epidemiol. Biomarkers Prev. 17 (2008) 3062–3068.
[24] F. Islami, F. Kamangar, D. Nasrollahzadeh, et al., Socio-economic status and oesophageal cancer: results from a population-based case-control study in a high-risk
area, Int. J. Epidemiol. 38 (2009) 978–988.
[25] A. Golozar, A. Etemadi, F. Kamangar, et al., Food preparation methods drinking
water source, and esophageal squamous cell carcinoma in the high-risk area of
Golestan, Northeast Iran, Eur. J. Cancer Prev. 25 (2016) 123–129.
[26] M.S. Farvid, A.F. Malekshah, A. Pourshams, et al., Dairy food intake and all-cause,
cardiovascular disease, and cancer mortality: the golestan cohort study, Am. J.
Epidemiol. 185 (2017) 697–711.
[27] C. Fitzmaurice, C. Allen, R.M. Barber, et al., Global, regional, and national cancer
incidence, mortality, years of life lost years lived with disability, and disabilityadjusted life-years for 32 cancer groups, 1990 to 2015: a systematic analysis for the
global burden of disease study, JAMA Oncol. 3 (2017) 524–548.
[28] I. Soerjomataram, E. de Vries, E. Pukkala, et al., Excess of cancers in Europe: a study
of eleven major cancers amenable to lifestyle change, Int. J. Cancer 120 (2007)
1336–1343.
[29] A. Zemestani, M. Mahmoudi, A. Keshtkaar, et al., Estimation of cancer cases in
Golestan Province between 2004 and 2006 by using capture-recapture method,
Med. J. Tabriz Univ. Med. Sci. 35 (2013) 26–33.
[30] G. Mohammadi, M.E. Akbari, Y. Mehrabi, et al., Estimating completeness of cancer
registration in Iran with capture-recapture methods, Asian Pac. J. Cancer Prev. 17

133

