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Abstract

Background: The most recent results of Global Cancer Statistics indicated that gastrointestinal cancers, including
gastric, colorectal, esophageal, and liver cancers, are among the most commonly diagnosed cancers worldwide.
Previous reports from cancer registries in East Azerbaijan have shown that there is a high incidence of
gastrointestinal cancer in this region, so we performed a trend analysis to determine the pattern of change over
the last decade.

Methods: In total, 12 years of cancer registry data were collected from different sources in East Azerbaijan, and a
data quality check was performed to ensure clean data. Using the 2000 World Health Organization standard
population, we then generated age-standardized incidence rates (ASRs) for different cancers, and for each year from
1383 to 1394 of the Persian calendar (i.e, 19 March 2004 to 20 March 2015). Annual percent changes (APCs) and
Average annual percent changes (AAPCs) in the ASRs for esophageal, gastric, small intestine, colorectal, anal, liver,
gallbladder, and pancreatic cancers were calculated using Joinpoint Software (Version 4.5.0.1, June 2017).

Results: An increase in most types of cancer was observed during the study period. The ASR for colorectal cancer
increased from 2.9 to 13.6 per 100,000 women (APC, 9.7%) and from 2.2 to 17.8 per 100,000 men (APC, 10.2%). The
ASR for gastric cancer showed a slight increasing trend from 10.5 to 13.5 per 100,000 women (APC, 1.3%) and from
3.1 to 29.9 per 100,000 men (APC, 3.2%). However, trend analysis showed a decreasing pattern for the ASR of
esophageal cancer in both genders (APC,— 3%), with APCs of — 1.1% in females and — 0.4% in males.

Conclusions: The latest results of the East Azerbaijan Population-Based Cancer Registry indicate that gastrointestinal
cancers remain common, with significant increasing trends in their ASRs. Improved screening and early detection
are needed in this region.
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Background

The most recent results from Global Cancer Statistics 2018
showed that gastrointestinal cancers, including colorectal,
stomach, and liver cancers, represent the most common
causes of cancer death worldwide [1]. Although the highest
incidences of colorectal cancer are generally seen in high-
income countries, liver, gastric, and esophageal cancers are
more common in low-income countries. Unfortunately, the
significantly poorer prognosis of these cancers means that
cancer deaths are more common in less economically de-
veloped countries [1, 2]. To understand the burden and
monitor trends in cancer rates, a national pathology-based
cancer registry program was introduced throughout Iran
and East Azerbaijan in 2001. The first estimates of the inci-
dence of cancer in East Azerbaijan were reported for the
period from March 2006 to March 2007, revealing age-
standardized rates (ASRs) of 164.3 per 100,000 men and
130.9 per 100,000 women [3]. In both sexes, gastrointestinal
cancers were among the top five most common cancers.
The latest updated results from Eat Azerbaijan showed that
gastric cancer was the most common cancer, by an ASR of
23.1 and 7.7 for males and females respectively. Also the
ASRs for esophageal and colorectal cancers were 9.69 and
11.2 in males and 7.35 and 8.93 in females [4]. According
to last National cancer registry reports of Iran, north and
northwest areas of Iran had the highest incidence and
mortality of GI cancers [5]. Located in the northwest of
Iran, East Azerbaijan is the largest and most populated
province, and has a high incidence of gastrointestinal tract
cancers, including esophagus and stomach cancers [6, 7].
Higher prevalence of some well-known risk factors includ-
ing H. pylori infection, smoking, opium use, higher usage of
biomass and so exposure to polycyclic aromatic hydrocar-
bons (PAH), and dietary factors may explain higher inci-
dence of GI cancers in North/Northwest of Iran [7].

In this study, we aimed to analyze and summarize the
data from our cancer registry over a 12 years period to
show the trend in the incidence of gastrointestinal can-
cers in East Azerbaijan.

Methods

The cancer registry data were collected from different
sources in East Azerbaijan from March 19, 2004, to
March 20, 2015. The East Azerbaijan cancer registry
program started as a pathology-based cancer registry,
aiming to cover all histological and pathological reports
of the province. The first population-based cancer regis-
try started in March 2006, after which efforts were made
in subsequent years to enhance the coverage of regis-
tered data. The population-based cancer registry pro-
gram was completed in 2015 and we expect the results
of this to be published soon. This registry sources data
from pathology laboratories, hospital medical records,
and cause of death registries, as well as radiotherapy,
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hematology, and imaging departments, to estimate the
rates of different cancers in East Azerbaijan Province [6].

After collecting the data, a final quality check was
performed to achieve clean data, identify duplicates, and
reconcile new data in comparison with previous data. The
following information was mandatory for case inclusion in
the study: first and last name, birth date, fathers’ name,
sex, place of residence, and date of diagnosis, as well as
the morphology (i.e., histology, behavior, and grade) and
topography (primary site of origin) of the tumor based on
the International Classification of Diseases for Oncology,
Third Edition (ICD-O-3) [8]. Using the World Health
Organization standard population for 2000 [9], ASRs were
generated for different cancers for each year of the Persian
calendar, from 1383 to 1394 (ie., March 19, 2004, to
March 20, 2015).

We used Joinpoint Trend Analysis Software (Version
4.5.1.0) for regression analysis, which provided a useful way
to summarize the observed trends in cancer and to identify
significant changes in ASRs [10]. Connecting linear seg-
ments on a log scale allowed us to characterize the annual
percent changes (APCs) and average annual percent
changes (AAPCs) of the ASRs for esophageal, gastric, small
intestinal, colorectal, anal, liver, gallbladder, and pancreatic
cancers [10]. All diagnoses were based on pathology reports
and/or clinical information. The program uses a sequence
of permutation tests to select the final model, so we consid-
ered a maximum of two Joinpoints between the three time
periods and tests of significance were conducted using the
Monte Carlo permutation method [10].

The ethics committee of Tabriz University of Medical
Sciences has been approved this project. As the ethics rules
of EA-PBCR, all patients’ information and records were
stored confidentially [IRB code: IRTBZMED.REC.1395.18].
Consent to participate was not applicable.

Results

During the period of interest, 15,614 cases of gastro-
intestinal cancer were registered. Of these, 3537
were esophageal (22.7%), 6162 were gastric (39.7%),
4331 were colorectal (27.7%), 555 were liver (3.6%),
421 were small intestinal (2.7%), 105 were anal
(0.7%), 253 were gallbladder (1.6%), and 250 were
pancreatic (1.6%).

For esophageal cancer, the overall APC was - 3%,
and this decline in ASR was statistically significant
(P<0.05). For gastric cancer, we observed an in-
creasing APC of 1.8% (P <0.05), which indicates the
ASR increased from 7.9 to 21.2 per 100,000 people.
The overall APC for colorectal cancer was 7.6%, but
was not significant statistically (P=0.13), reflecting
an ASR increase from 3.0 to 15.6 per 100,000 people
from 2004 to 2015. For liver cancer, the overall APC
was 17.2% (P<0.05) and was larger in men (APC,
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21.3%). The ASR increased from 0.9 to 4.9 per 100,
000 people (Tables 1, 2). The AAPCs were the same
as the APCs in all cancer trend results.

Esophageal cancer

There was a decreasing trend in the ASRs of esophageal
cancer in both sexes, giving an overall APC of —3% (95%
CL -6.1 to 0.2). The overall APC in women was — 1.1%
(95% CI: - 3.6 to 1.5) compared with — 0.4% (95% CI: — 3.8
to 3.0) in men. The greatest decreases were between the
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mid Joinpoint in both sexes (2009-2012), with an overall
APC of —16.2%, and APCs of —8.5% (2009-2013) and -
11.00% (2010-2013) for men and women, respectively
(Figs. 1a, 2a, 3a).

Gastric cancer

There was a trend for gastric cancer to increase in
both sexes between 2004 and 2007 (APC, 29.5%)
before the ASRs then decreased between 2007 and
2013 (APC, -9.4%), and finally increased significantly

Table 1 Annual Percent Changes of Gastrointestinal Cancers in East Azerbaijan, from 2004 to 2015

Cancer Overall 12 years Segment 1 Segment 2 Segment 3
Site (2004-2015)
APC (%) Lower CI Upper CI P Value APC (%) Lower Cl UpperCl APC (%) Lower CI Upper CI APC (%) Lower ClI Upper Cl
Esophagus
Both -3 -6.1 0.2 0.05 59 -6.7 20.3 -16.2 =513 44.2 45 =213 38.7
Male —04 -38 30 0.19 6.8 -123 30.2 -85 -40.2 40.0 86 -51.0 1404
Female —1.1 -36 1.5 0.10 09 =59 8.2 -11.0 —44.1 416 20.1 =212 83.3
Stomach
Both 1.8 -34 7.2 0.01 29.5 —247 122.7 -94 —26.2 11.2 36.1 -37.0 194.0
Male 32 =30 9.7 0.17 380 =503 2837 -74 -30.9 240 34.8 -56.7 3203
Female 13 -34 6.2 0.00 =111 —455 44.8 =37 =125 6.0 45.1 -80 1289
Colorectal
Both 76 2.7 127 013 234° 1.8 495 -96 —-494 61.7 16.8 -102 51.8
Male 10.2° 55 15.1 0.1 46.6 =227 1779 0.7 —22.1 30.1 184 -14.8 64.6
Female 9.7° 5.7 138 0.19 18.7° 6.3 326 -34 —417 60.1 186 =211 784
Anus
Both -02 -87 9.0 0.14 13.7° 0.2 290 -34.2 -68.8 39.1 579 =216 2182
Male 09 -108 14.1 038 175 —9.1 519 -358 —-90.1 3175 55.1 —-739 8213
Female 43 -13 10.2 0.02 454 —43.7 2755 -19 -13.6 114 206 -385 136.7
Gallbladder
Both 35 7.1 152 0.00 226° 96 37. —-63.0 —-89.1 260 26617 89 113038
Male 6.0 -4.2 17.3 0.07 135 -4.0 34.2 -553 =920 149.7 269.7 -624 3534.0
Female - - - - - - - - - - - - -
Liver
Both 17.2 6.2 29.3 0.00 -64 —40.5 473 =12 -838 7.0 138.2° 769 220.7
Male 21.3° 94 344 0.00 =145 -54.6 60.8 44 -6.4 16.5 139.9° 624 254.2
Female 16.3° 56 280 0.02 1.1 —14. 139 -69 -56.8 100.7 1480° 456 3227
Pancreas
Both 286° 152 436 0.02 -33 —45.6 72.2 229 —49.6 199.8 98.7 —24.2 421.2
Male 335° 17.8 513 0.05 23 —434 84.9 384 —-84.9 1167.2 983 —483 659.7
Female 285° 172 410 0.02 -14.2 —-786 2442 213 -16.8 76.9 90.8 -12.1 3141
Small
Intestine
Both 76° 13 14.2 0.12 99.8 -68.9 11838 -13 =157 155 346 -344 1764
Male 9.3° 20 17.2 0.36 66.0 -914 31089 -0.1 =202 250 457 —47.2 302.0
Female 99° 33 168 0.12 638 —-39.1 368.0 -40 -53.1 96.4 14.7 -164 57.2

“Indicate that the Annual Percent Change (APC) is significantly different from zero at alpha = 0.05
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Fig. 1 Trend Analysis Results of the Incidence of Gastrointestinal Cancers from the East Azerbaijan Cancer Registry (2004-2015) in Both Sexes: a:
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between 2013 and 2015 (APC, 36.1%). The overall
APC statistical test for the two Joinpoints was 1.8%
in both sexes, was larger in men (APC, 3.2%) than
women (APC, 1.3%), and the increasing trends were
significant (P <0.05). The increase in gastric cancer
ASRs in the first time segment was larger in men. Be-
tween the years 2004 and 2007, the APC was 38.1%
in men vs. - 11.1% in women between the years 2004
to 2006. Following a slight decreasing trend in both
sexes in the second time segment, there was again a
significant increase in the trend between 2013 and
2015, with an APC of 34.8% in men and an APC of
45.1% in women (Figs. 1b, 2b, 3b).

Colorectal cancer

There were non-significant increases in the ASRs for colo-
rectal cancer in both sexes, with an overall APC of 7.6% per
year (95% CI: 2.7 to 12.7) (P=0.13) and the highest in-
creases during the first (2004—2009; APC, 23.4%) Joinpoint,

following a decreasing trend in the second time segment
(2009-2012; APC, —9.6%), and then increasing in the last
Joinpoint (2012-2015; APC, 16. 8%). The increase was
slightly lower in women (overall APC, 9.7% per year, 95%
CIL: 5.7 to 13.8) than in men (10.2% per year, 95% CL 5.5
to15.1). In women, we observed an increasing trend at the
first Joinpoint, with an APC of 18.7% (2004—2010), before
seeing a slight decrease (- 3.4%) in the APC between 2010
and 2013, and a further increase of 18.6% in the last 3 years
(2013-2015). A slightly different trend was observed in
men, with an APC of 46.6% between 2004 and 2007, an
APC of 0. 7% between 2007 and 2012, and a final increase
of 18.4% between 2012 and 2015 (Figs. 1c, 2¢, 3c).

Liver cancer

Liver cancer showed an overall stable decreasing trend
from 2004 to 2013 in both sexes, but in the last three years
(2013-2015), there was a high and significant increase in
the APC of 138.2% (95% CI: 76.9 to 220.7; P <0.05), prior
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to which we observed slightly decreasing trends: (2004—
2006; APC, - 6.4%) and (2006-2013; APC, - 1.2%). In men,
there was a decreasing trend of — 14.5% (95% CI: - 54.6 to
60.8) between 2004 and 2006, then a slightly increasing
trend in the mid Joinpoint (2006-2013; APC, 4.4; 95% CI:
- 6.4 to 16.5), and a significant increase of 139.9% (95% CI:
62.4 to 254.2; P <0.05) between 2013 and 2015. In contrast,
in women we observed a slightly decreasing trend in the
two first periods, between 2004 and 2010 APC decreased
by - 1.1% (95% CI: — 14.1 to 13.9) and — 6.9% between 2010
and 2013 (95% CI: —56.8 to 100.7), with a significant in-
creasing APC of 148.0% (95% CI: 45.6 to 322.7; P < 0.05) in
the last three years (2013-2015) (Figs. 1d, 2d, 3d).

Discussion

Our results showed that there was a decreasing trend in
the ASRs of esophageal cancer in both sexes, and the
greatest decreases were between the mid Joinpoint in

both sexes (2009-2012), giving an overall APC of - 3%.
There was a significant increasing trend of gastric cancer
that was greater in men (APC, 3.2%) than in women
(APC, 1.3%). For colorectal cancer there was an increase
in the ASRs with an overall APC of 7.6% per year for
both sexes. Liver cancer showed an overall stable de-
creasing trend from 2004 to 2013 in both sexes, but in
the last three years of the study (2013-2015) there was a
significant increase in the APC of 138.2%.

The first East Azerbaijan Population-Based Cancer
Registry was established in Iran in 2001. Although it was
originally based on pathology data, it has since been de-
veloped and improved to the point where we have estab-
lished a standardized population-based cancer registry of
data obtained from different sources. Cancers of the
gastrointestinal tract are among the most common and
important cancers in Northwestern Iran and East
Azerbaijan [6]. Gastric cancer in particular continues to
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Fig. 3 Trend Analysis Results of the Incidence of Gastrointestinal Cancers from the East Azerbaijan Cancer Registry (2004-2015) in Females: a:
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be the most common among men in this region [4, 6].
Global Cancer Statistics have estimated the incidence
and mortality of 36 cancers across 20 world region and
in 185 countries, by age and sex. The last updated
cancer statistics produced by the International Agency
for Research on Cancer (IARC) used reliable cancer
incidence and mortality data sources from the various
countries [1].

Gastric cancer

The incidence of gastric cancer is particularly high in
Iran, where it remains a leading cause of cancer-related
death, and where it is the most common cancer among
Iranian men, with an ASR of 21.6 per 100,000 men [1].
The highest ASRs and age-standardized mortality rates
(ASMRs) for gastric cancer were reported in northern,
particularly northwestern, regions of Iran [11, 12]. The
Ardabil province in the northwest, for example, has the

highest incidence of gastric cancer, with ASRs of 51.8
(95% CI: 47.8 to 55.8) and 24.9 (95% CI: 21.5 t027.2) per
100,000 men and women, respectively [13—15].

Recent data have shown extremely high incidence
and mortality rates for gastric cancer in East
Azerbaijan [4, 6, 16], with gastric cancer being the
second leading cause of death (10.4% of all deaths)
[4]. Other research has shown gastric cancer to have
been the most common cancer in northern and
northwestern Iran over the past 30years [11, 14, 17].
It also remains the most common cause of cancer-
related death in Iran, albeit with a reported six-fold
geographic variation in the mortality rate between
northwestern and southern regions [16]. Trend ana-
lysis in the current study showed that the incidence
of gastric cancer increased in both sexes by an APC
of 1.8% per year, but that this was most marked in
the last three years (2013-2015), when the APC was
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36.1%, and interestingly this was larger in women
(APC, 45.1%) than in men (APC, 34.8%). Many stud-
ies have shown an increase in the trend for gastric
cancer in Iran [13, 18, 19]. Indeed, a significant in-
crease was observed between 2001 and 2010, when
the ASRs increased from 4.18 to 17.06 (APC, 16.7%)
for men and from 2.41 to 8.85 (APC, 16.2%) for
women [20].

Although Helicobacter pylori infection is the most com-
mon established risk factor for gastric cancer [21-23],
many surveys have shown geographic patterns in the inci-
dence and mortality of gastric cancer that correlate with
tobacco smoking [20]. Nevertheless, the elevated risk of
developing and dying from gastric cancer has been linked
to the high prevalence of H. pylori infection, tobacco,
opium, and specific dietary factors in this region [24—28].
There are also issues surrounding low consumption of
fresh vegetables and fruits, low socioeconomic status, high
consumption of salt and salty foods, poor lifestyle habits,
and certain food preserving methods as risk factors of gas-
tric cancer. Atrophic gastritis is another well-established
risk factor, which has also been reported to have a high in-
cidence in parts of Iran [11]. It is notable that, while Iran
has faced an increase in the incidence and mortality for
gastric cancer, the US and Western Europe have seen de-
clines in both [29], with a decrease of — 20.8% in incidence
rates [30], probably because of improved H. pylori infec-
tion control, the impact of smoking cessation programs,
efforts to control salt consumption, and improved dietary
habits.

Colorectal cancer

Colorectal cancer is the third most common cancer and
second in terms of mortality from cancer in the world ac-
cording to GLOBOCAN 2018 [1]. Moreover, the worldwide
incidence increased from 1.3 million to 1.7 million cases
(overall increase rate of 34%) between 2006 to 2016 years
[2]. It has the second highest incidence among cancers in
developed countries, and the fourth highest incidence and
mortality rate in developing countries [30]. Unfortunately,
however, there has been a trend for the incidence of colo-
rectal cancer to increase in countries undergoing develop-
mental transitions, including Iran [1]. According to
GLOBOCAN 2018, it is now the third most common can-
cer in men and the second most common cancer in women
[1], though the highest rates have been reported in Tehran
(ASR =164 for men) [31] and Zahedan (ASR=13.3 for
women) [32, 33].

Despite these increases, Iran still has a low incidence of
colorectal cancer compared with western countries.
However, while the incidence and mortality rates of colo-
rectal cancer have decreased steadily in North America and
most developed countries, falling by 30% in the last decade,
there has been a trend for significant annual increases in
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the incidence and mortality of colorectal cancer in Iran [19,
33, 34]. Also, the ASRs and crude rates are known to be
lower in southern regions of Iran compared with northern
and northwestern regions [33, 35, 36]. We consider that
nutritional habits, obesity, and genetic and environmental
risk factors contribute to these differences [37—39]. Several
reports on the ASRs and crude incidence rates of colorectal
cancer in East Azerbaijan have shown a trend for the inci-
dence of colorectal cancer to increase, especially in women
[3, 4, 33, 40, 41]. According to our trend analysis, there was
a trend for a steady increase in the incidence of colorectal
cancer in both sexes, with an overall APC of 7.6% (95% CI:
2.7 to 12.7%), although this was more obvious in men
(APC, 10.2%) than in women (APC, 9.7%).

Liver cancer

Globally, liver cancer has increased from the third to
the second leading cause of years of life lost to can-
cer, now ranking as the fourth leading cause of can-
cer-related death worldwide in 2018 [1]. In Iran, liver
cancer is the 10th most common cancer in terms of
incidence and the fifth most common cancer in terms
of mortality [2]. Some studies have shown a signifi-
cant rising trend in the ASRs for liver cancer in this
country, though an increase with age has been re-
ported to be more common in men [42, 43]. The
trend in the ASRs for hepatocellular carcinoma be-
tween 2001 and 2008 in Iran showed an increase
from 0.4 to 0.6 per 100,000 [43]. Survey updates on
the 5-year incidence and trends of gastrointestinal
cancer in East Azerbaijan have shown significant in-
creases in the ASRs for liver cancer in both women
(0.6) and men (0.9) [4]. Our results showed an in-
creasing trend in the incidence of liver cancer over
12 years, with an APC of 17.2%, and it was more ob-
vious in men than in women (APC, 21.3% vs. 16.3%).
Hepatitis B and C are the main risk factors for liver
cancer, so hepatitis B vaccination and hepatitis C
treatment (albeit expensive) are the recommended
proven options to prevent this cancer. Also, the
higher increasing trend of incidence of liver cancer in
last two years of the study may be attributed to in-
creased coverage of cancer registry data and including
more data sources such as imaging and death registry
data, which were not collected in the first years’
results.

Esophageal cancer

Esophageal cancer has a very low incidence and prevalence
in most countries, but in Iran, it is the 8th most common
cancer and was the ninth cause of cancer death [1]. The
highest ASRs have been reported in the Golestan province,
where the incidence of esophageal cancer has historically
been very high [20, 44]. Recent data have suggested a
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significant decrease in the ASRs in the high-risk population
of Iran [20, 45, 46], and although we also observed a
decrease between 2006 and 2013, mostly in women, the
ASRs steadily increased again by the last Joinpoint (2013 to
2015). Previous report from East Azerbaijan also showed a
decreasing trend in esophageal cancer incidence during
2004 to 2011, with an APC of — 6.9 and — 2.2 in females
and males respectively [4]. Also the incidence rate tended
to decreased significantly in this region for both Squamous
cell carcinoma (SCC) and adenocarcinoma (AC) morpho-
logic types over time 1992 to 2004 [47]. According to the
similar reports from other regions of Iran, this decreasing
may be attributed to improvement in life style including
hot tea drinking habits, smoking, and improvement in
socio-economic status [4, 47]. It is believed that esophageal
cancer incidence (and especially SCC type) has been
declining worldwide and in high-risk areas in Asia as well.
Lifestyle and dietary improvements and economic gains
and declining in cigarette smoking are the min attributed
factors [1]. Public education, eradication of opium addic-
tion, and nutritional support may decline the mortality and
morbidity that results from EC worldwide [48].

Whereas several studies have reported a significant cor-
relation between opium use and esophageal or gastric can-
cer [24, 28, 49], others have shown an association between
using different types of opium and pancreatic cancer. In a
survey from Tehran University of Medical Sciences, opium
use (odds ratio 1.9; 95% CI, 1.1-3.4) and alcohol consump-
tion (odds ratio 4.2; 95% CI: 1.9 to 9.3) were significantly
associated with increased risks of pancreatic cancer [50].
The most abundant opium alkaloids (pyrolysates of mor-
phine) have known mutagenic effects that can cause can-
cers, including pancreatic cancer. Indeed, six opium
pyrolysates have been implicated as mutagens in esophageal
cancer [51]. According to the most recent Global Burden of
Cancer report, the incidence of pancreatic cancer increased
globally by 4.9% for both sexes, with a larger relative in-
crease in developing countries [30]. However associations
of these risk factors and some other life style factors includ-
ing smoking, overweight and obesity, and meat consump-
tion with pancreatic cancer risk remain unclear and further
research, particularly of long-term intake, is warranted.

Conclusion

Iran has faced increasing trends in cancer incidence
and mortality over recent decades because of popula-
tion growth, population aging, and increased exposure
to risk factors. This survey and trend analysis of
gastrointestinal cancers’ burden at the population
level in East Azerbaijan, Iran emphasizes the urgent
need for focused prevention and intervention pro-
grams. However, some limitations should be consid-
ered. Of note, the East Azerbaijan Population-Based
Cancer Registry is still in its infancy, and during the
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study period there have been ongoing efforts to im-
prove the quality and coverage of the data registry.
As with cancer registry programs in other centers,
the quality and coverage of the registry may, there-
fore, have changed over time. Indeed, the increasing
trends reported for the cancers in this study may be
attributable to factors such as population growth,
population aging, or increased exposure to known
risk factors. Although this is possible, we contend
that the increases seen in the most recent study
period were valid because the improvements to the
cancer registry program were established by that time.
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