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Abstract

Background: Gastrointestinal (Gl) neoplasms are among the most common cancers in Iran. This study aimed to measure annual
trends in mortality rates from Gl cancers in Iran between 1990 and 2015.

Methods: This study was part of an ongoing study termed the ‘National and Subnational Burden of Diseases’ study in Iran. Data
used in this study was obtained from the Iranian Death Registration System (1995 to 2010) and from 2 major cemeteries in Tehran
(1995 to 2010) and Isfahan (2007 to 2010). All-cause mortality rates were estimated using the spatio-temporal model and the
Gaussian process regression model. Age-standardized mortality rates (ASMR) per 100000 person-years was calculated using data
from Iran and the standard world population for comparison.

Results: Among Gl cancers, gastric cancer represented the leading cause of mortality followed by cancers of the esophagus, liver,
and colorectal cancers with the ASMR of 20.5, 5.8, 4.4, and 4.0 per 100000 persons-years, respectively, between 1990 and 2015.
While a decreasing trend occurred in mortality of esophageal, gastric, and colorectal cancers, particularly in the recent decade,
we recorded an upward pattern and steady rise in mortality rates from liver, pancreatic, and gallbladder cancers during the study
period. The ASMR of all studied causes were enhanced by advancing age and were found to be more prominent in adults aged
50 or older. Among all age-groups, higher death rates were detected in males versus females for all studied cancers except for
gallbladder and biliary tract cancers.

Conclusion: Gastric cancer mortality is still high and death rates from several other Gl cancers are increasing in the nation.
Interventions for cancer prevention, early detection, and access to high quality cancer treatment services are needed to reduce Gl
cancer burden and death rates in Iran and in the region.
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Introduction gastric cancer as the leading GI cause for cancer mortality

Gastrointestinal (GI) neoplasms are known as the
most common group of cancers at the global level.!
Overall, cancers of the liver, stomach, colon and rectum,
esophagus, pancreas, and gallbladder were, respectively,
the most common GI neoplasms and contributed to
37.0% all cancer deaths worldwide in 2012.>* GI cancers
are also common in Iran, accounting for 20 719 deaths and
38.8% of all cancer mortality in the country in 2012 with

followed by esophageal and colorectal neoplasms.”

To date, the overall or gender specific trends of
mortality rates of GI cancers have not been studied in a
systematic way in Iran. Although studies are available in
the literature on the annual mortality rates of common
GI cancers.”” To the best of our knowledge, the annual
linear trends of GI cancers by gender or age groups has
not been comprehensively assessed yet. Therefore, as

*Corresponding Author: Farshad Farzadfar, MD, MPH, DSc; Non-Communicable Diseases Research Center, Endocrinology and Metabolism Clinical Sciences
Institute, No. 10, Al-e-Ahmad and Chamran Highway intersection, Shariati Hospital, Tehran 1411713136, Iran. Tel: +98-21-88631293, Fax: +98-21-82415400,
Email: farzadfar3@yahoo.com AN/


http://www.aimjournal.ir
www.SID.ir

part of the National and Subnational Burden of Diseases
(NASBOD) study, we aimed to study and illustrate trends
in e Iranian mortality rates from common GI cancers and
to compare rates by gender and age-groups at the national
level over the last 25 years (1990-2015) in Iran. These
data will help health policy makers to better formulate
national priorities for interventions that focus resources
on the prevention and early detection of GI cancers.

Materials and Methods

This study was part of the NASBOD study which was
designed to estimate the burden of diseases in Iran from
1990 to 2015.% We estimated cause specific mortality rates
and trends at the national level for liver and GI cancers
between 1990 and 2015. For this purpose, we used data
from the Iranian Death Registration System (DRS)
which was established by Ministry of Health and Medical
Education since 1995. Indeed, the main data source was
the DRS data from 1995 to 2010. Howevet, we added
data from two major cemeteries in Iran (i.e., Behesht-e
Zahra in Tehran from 1995 to 2010 and Bagh Rezvan in
Isfahan from 2007 to 2010) to achieve full coverage as
DRS data did not cover all locations. Although, cancer
registry and hospital data were available for some periods
of time, these data sources were excluded due to large
number of data collection issues in their registration
systems.

In this study, we corrected DRS data and estimated
all-cause mortality rates using the spatio-temporal model
and the Gaussian process regression model: Also, age-
standardized mortality rates (ASMR) per 100 000 person-
years were calculated using Iran’s  death registration
system data and the standard wotld population for
comparison.’ Iran’s national population in 2015 was
applied for adjustments as_the standatd population. In
the next step, all-cause mortality rates were divided into
cause-specific rates using the respective cause fractions
which were calculated for all age-sex groups in each
year."” Finally, predicted values of the statistical model
were presented as mortality rates for all years. With this
approach, we adjusted mortality rates for all issues and
biases in the death registration system. Similar measures
have been taken and recommended by the Global Burden
of Disease study team." The International Classification
of Diseases (ICD-10) code was used to identify cause of
mortality in death certificates.'” Subgroups for malignant
neoplasms of the studied organs were as follows:
esophagus (C15), stomach (C16), colon and rectum
(C18-21), liver (C22), gallbladder and biliary tract cancer
(C23), and pancreas (C25). We estimated liver cancer
mortality rates due to hepatitis B, hepatitis C, alcohol
use, and other causes separately. The study profile and

analysis method has been described in details in previous

articles.!1314

An annual percent change (APC) based on ASMR
was applied to show the mortality trend for each cancer
site. The APC was calculated by considering the ASMR
of initial year (yl1) and second year (y2) using this
formula: ((y2-y1)/y1)*100. For those cancer sites with
an increasing or decreasing mortality rate (i.e., cancers of
stomach, liver, pancreas, and gallbladder), we calculated
the mean APC for the entire study period (1990-2015).
Nevertheless, if the mortality trends had an increase
followed by a plateau or a decrease, the mean APC
was estimated from the time when the rates started a
continuous rise or decline. All analyses were done by the
software STATA/MP, v.13.0 and graphs were illustrated
by R statistical software, v.3.1.3."

Results
There was a total of 615602 deaths at the national level
associated with-malignant GI neoplasms in the period
1990-2015. Overall;-334160 gastric, 93809 esophageal,
83953 liver, 64485 colorectal, 28 088 pancreatic cancet,
and /11107 gallbladder-related deaths were reported
during the study period in Iran (Table 1). The ASMR of all
studied causes were significantly enhanced by advancing
age and were more prominent in adults aged 50 or
oldet in‘the period 1990-2015 (Table 1). Among all age-
groups, higher rates of deaths were detected in males as
compared with females for all studied GI cancers except
for gallbladder and biliary tract cancers. In young males
and females (<50 years), we recorded greater ASMR for
cancers of the stomach, esophagus, colon and the rectum
versus other GI cancers in the same age group (Table 2).
The annual mortality trend between 1990 and 2015
for the leading GI cancers are presented in Figure 1. A
decreasing trend was observed in ASMR of esophageal
cancer, gastric cancer, and colorectal cancer, respectively
since 1995, 2000, and 2003 (Figure 1). On the other hand,
our data revealed an upward pattern in mortality rates
of liver cancer, pancreatic cancer, and gallbladder cancer
in both genders during the study period (Figure 1). The
overall and gender-specific APC of mortality attributed
to each cancer site were illustrated in Figures 2-4.

Gastric Cancer and HEsophageal Cancer

Gastric cancer represented the leading cause of mortality
with an ASMR of 20.5 per 100000 persons-years between
1990 and 2015 (Table 1). The overall ASMR of gastric
cancer after a steady increase between 1990 and 1996
remained relatively constant until a peak was recorded
in 1999 and then a continuous decline was observed
reaching an ASMR of 10.3 per 100000 persons in the
year 2015 (Figure 1). A similar pattern was almost seen
for gender specific ASMR of gastric cancer although
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Table 1. Death Number and Age-Standardized Mortality Rates* by Cancer Site and Age Groups in Iran during 1990-2015

Stomach (n = 334160)  Esophagus (n = 93809)

Liver (n = 83953)

Colorectal (n = 64485) Pancreas (n = 28088) Gallbladder (n = 11107)

<40y 1.4 (1.0-2.0) 0.5 (0.3-0.8) 0.9 (0.7-1.2)
40-49 y 6.6 (4.7-9.2) 2.3 (1.5-3.7) 2.7 (2.0-3.6)
50-59y 20.8 (15.0-28.7) 6.4 (4.1-10.2) 6.4 (4.8-8.5)
60-69 y 64.4 (46.7-88.6) 18.1 (11.6-28.7) 15.2 (11.5-20.1)
70-79y 185.0 (134.9-254.6) 48.7 (31.2-76.9) 36.3 (27.7-47.6)
>80y 324.0 (235.4-445.2) 85.6 (54.9-135.0) 60.3 (46.0-79.2)
All ages 20.5(14.9-28.2) 5.8 (3.7-9.1) 4.4 (3.3-5.8)

0.7 (0.5-1.0) 0.1 (0.03-0.2) 0.1 (0.03-0.1)
2.3 (1.6-3.3) 0.9 (0.5-1.7) 0.3 (0.2-0.4)
5.3 (3.8-7.5) 2.9(1.6-5.2) 0.7 (0.6-1.2)
11.6 (8.3-6.3) 6.1 (3.5-10.7) 2.3(1.7-3.2)
28.3 (20.5-39.1) 13.0 (7.7-21.9) 5.3 (3.9-7.3)
46.6 (33.9-64.4) 20.0(12.0-33.3) 9.6 (7.0-13.1)
4.0 (2.8-5.6) 1.7 (1.0-3.0) 0.7 (0.5-0.9)

*Age-standardized mortality rates per 100000 persons-years with 95% CI.

males have had significantly higher mortality rates than
females throughout the study period (Table 2, Figure
1). The annual decline in gastric cancer mortality was
1.8% (95% CI: 1.7-1.9%) from 1990 to 2015 (Figure 2),
with greater annual decline among females versus males
(Figures 3 and 4).

Esophageal cancer, with an overall ASMR of 5.8 per
100000 persons-years (Table 1), had the highest increase
in mortality between 1990 and 1995 from 5.6 to 7.9 per
100000 persons and then slowly started a steady decrease
staying at the lowest rate (2.3 per 100000 persons) in
2015 (Figure 1). A similar pattern was monitored in both
genders, yet males had relatively higher mortality rates
within the study timeframe (Table 2, Figure 1). For the
entire study period, we recorded 3.3% (95% CI: 3.1-3.5%)
decrease in mortality of esophageal cancer every yeat
However, mortality of esophageal cancer had marked
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nation, we detected significantly higher mortality rates
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shown).

Colorectal Cancer

As shown in Table 1, colorectal cancer had an ASMR
of 4.0 per 100000 persons-years between 1990 and
2015 (Table 1). An increasing linear trend in the overall
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Figure 1. Age-Standardized Mortality Rates of Gastrointestinal Cancers, Overall and by Gender in Iran During 1990-2015.
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an ASMR of 3.5 per 100000 persons in 2015 (Figure 1).
The mortality rates in males and females followed the
same trend, however, males had higher rates in the entire
study period compared to females and these differences
became more prominent in particular after the year 1996
(Table 2, Figure 1). The mean APC of colorectal cancer
death showed that the mortality rate was rising at 2.8%
(95% CI: 2.7-2.9%) per year from 1990-2015. However,
the trend was declining at a constant APC (2.8%, 95%

20

Esophageal *

Mean Annual Percent Change of Death from 1990 to 2015
o

-20 —

CI: 2.7-23.0%) per year since 2004 (Figure 2). The annual
decline in the cancer death rates was higher among
females than in males (Figures 3 and 4).

Pancreatic Cancer and Gallbladder Cancer

The overall ASMR of pancreatic cancer was 1.7 per
100000 persons-years, between 1990 and 2015 (Table
1). The ASMR have been trending upward from 0.3 per
100000 persons in 1990 to 2.7 per 100000 persons in
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Figure 2. Mean Annual Percent Change of Gastrointestinal Cancers Mortality in Iran From 1990 to 2015.
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Figure 3. Mean Annual Percent Change of Gastrointestinal Cancers Mortality in Iranian Males From 1990 to 2015.
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Figure 4. Mean Annual Percent Change of Gastrointestinal Cancers in Iranian Females From 1990 to 2015.

2013, a 9-fold absolute rise although a very slight decline
was seen in 2010. However, the mortality rates remained
relatively stable or slightly declined during the past few
years, since 2013. The same trend was true for gender
specific rates, with higher mortality in males compared
to females (Table 2, Figure 1). As such, pancreatic cancer
mortality increased at a mean annual rate of 9.4% (95%
CIL: 9.0-9.8%) per year from 1990 to 2015 (Figure 2).
Throughout the period 1990-2015, the overall ASMR of
gallbladder and biliary tract cancer has been increasing
annually indicating a steep slope since the year 2000. Very
similar pattern was recorded for gender-specific trends
with higher rates in females than'in males (Figure 1).
Likewise, the mean APC of gallbladder and biliary tract
cancer was 16.3% (95% Cl:15.9-16.7%) from 1990 to
2015 (Figure 2).

Liver Cancer

The overall ASMR of liver cancer was 4.4 per 100000
persons-years during 1990 and 2015 (Table 1). The
ASMR showed a constant annual increase until the year
1999 and then steeply increased until 2002 which almost
leveled off thereafter until the year 2009. The ASMR
attributable to liver cancer in 2010 declined and then
slightly increased until the year 2012 which started slowly
declining thereafter until 2015 (Figure 1). Gender specific
time trend for liver cancer mortality was almost the same
as the overall trend of the disease. As expected, males
have had greater mortality rate during the study period
particularly since 1997 which kept its upward trend until
a peak in 2008 and then started declining to reach 6.9 per
100000 persons in the year 2015. Of note, the declining
pattern in females started more earlier in 2003 which

was followed by a stable or downward pattern until
2015 (Figure 1)..Indeed, the overall mortality showed
remarkable rise per year (7.6%, 95% CI: 7.4-7.7%) from
1990°to 2015 (Figure 2).

Discussion
During the past decades, the overall mortality for gastric
cancer has steadily dropped in many countries of the

world and in Asia.'%"7

The same declining pattern was
detected in our series which was in line with previous
data from the nation.” The declines in the annual
mortality of GI cancers, in general, can be explained by
access to care or preventive services or changes in the
exposure to the known risk factors.' Gastric cancer is
associated with several risk factors such as Helicobacter

17,18 t1‘)721 or salt—

Pylori infection'™"® and consumption of sal
preserved or nitrous containing foods.”” Previous data
have shown that about 80% of general population in
Tran is infected by Helicobacter,> whereas in some Asian
countries, such as Korea, the prevalence of H. pylori has
had a decreasing trend in particular among younger birth
cohorts.”* However, changes in Helicobacter infection
patterns among younger people due to the favorable
hygienic conditions along with possible improvements in

the nutrition!”?

may have contributed to the downward
trends in the mortality rates in Iran since 2000. Despite
the desirable declines in the mortality rates, gastric
cancer still represents the second leading cause of overall

cancer death after breast cancer in Iran.*

Moreover, we
found that the mortality of gastric cancer was greater
in males and older ages, comparable to other data.”’*
Despite reductions in gastric cancer mortality among

screened individuals, the method of screening, target
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group, and start age for screening remain controversial.'®

We therefore suggest risk stratification approaches to
target high-risk individuals in order to offer appropriate
screening methods and control the burden of the disease
in the nation.

162930 we recorded a

In line with the global pattern,
steeply decreasing slope for mortality from esophageal
cancer in Iran since 1995. The declining trends might be
attributed to changes in the environment and life style
of Iranians and new advances in treatments in the recent
decades.® However, we detected marked disparities in the
mortality rates of cancer in the North (i.e., Golestan)
and Northwest (i.e., Ardebil) versus South of Iran
throughout the study period, which was in line with the
pteviously published data.’'** Possible factors involving
in these variations which have been suggested through
other studies included drinking unpiped water, food
preparation methods,” drinking hot tea, smoking, and

opium use***

in the North of Iran. Long term studies,
however, are needed to identify the reasons behind the
disparities in the mortality of esophageal cancer in the
nation.

Colorectal cancer accounts for more than half of all
GI cancer diagnoses and a third of GI cancer-related
deaths.'**® Asian countries like Iran are witnessing an
increase in the incidence of colorectal cancer during
the last decades possibly due to aging population,
urbanization, and increased prevalence of westernized
lifestyle risk factors such as alcohol consumption, obesity,
£6373

smoking, and unhealthy die Despite increase in the
mortality rates of colorectal cancer duting the period
1990-2004, we recorded significant steady declines in
the cancer mortality rates in males-and females during
the recent decade. Similar declining pattern in colorectal
cancer death has happened (in the globe and even in
Asian countries.”** According to data from the United
States, several factors have contributed in the dectrease
in colorectal cancer mortality in the period 1975-
2000 such as change in colorectal cancer risk factors,
screening for colorectal cancer, and advanced treatments
which respectively explained 35%, 53%, and 12%
of the decline in the disease death.* As such, studies
from Spain* and six Buropean countties” suggested
decreasing trends in colorectal cancer mortality possibly
due to enhanced access to screening colonoscopy and
early stage detection, new advances in treatments, and
decrease of the modifiable risk factors.*** In Iran there
is no national screening program for colorectal cancer
and the opportunistic screening is available with very

low utilization.***

This implies that reasons other than
screening may contribute to the reduction in colorectal
cancer death such as increased colonic polyp removal,*®

newer therapeutic and surgical methods,” regular use of

aspirin,” or hormone replacement therapy,” or possibly
healthy dietary patterns.®® Nevertheless, the current
increasing trends on the prevalence of smoking,™
sedentary life style, and obesity® in Iran claim against
sustained healthy lifestyle changes. Further studies
therefore are needed to explore factors associated with
the decrease in mortality from colorectal cancer in the
recent decades despite the increasing incidence of the
cancer in Iran.

The highest incidence and mortality rates of pancreatic
cancer were reported from developed countries.”” Over
the past few decades, there have been no substantial
advances in the treatment of pancreatic cancer, which
is usually diagnosed in the advanced stages due to the
natural history and the lack of screening tests.”
Pancreatic cancer is less common in Iran in both males
and females with mortality rates equaling incidence.”’
Our study revealed significant increases in the mortality
of this neoplasm duting the last two decades, which fits
well with the patterns reported from Southern Europe
and North East Asia.’*?® Indeed, different parts of the
world are witnessing rise and fall trends in the pancreatic
cancer-related mortality, possibly due to use of various
diagnostic. methods, e.g, CT-guided or EUS-guided
biopsy. Moreover, tobacco smoking as an important risk
factor for pancreatic cancer is likely to explain some of
the international and gender specific differences.™* The
age-standardized prevalence of cigarette smoking among
Tranian adult males was 22.4% in 2013.> This probably
gives some insights indicating that smoking along with
other risk factors such as advancing age might account
for the increasing mortality rates due to pancreatic cancer
in Iranian males. However, the reason for increasing
mortality due to pancreatic cancer among Iranian females
are not well understood. The very low prevalence (0.9%)
of smoking in Iranian females™ suggests that causes other
than tobacco may be involved. Indeed, the incidence of
pancreatic cancer and cholangiocarcinoma is increasing
in Iran similar to many other developing countries, and
this might be the major reason for increasing mortality
from these 2 cancers. Further in-depth investigations
would be requited to see whether the results we have
observed are true.

The mortality of gallbladder cancer had an upward
slope during the period 1990-2015 with significantly
higher rates in females than in males. Gallbladder
cancer is relatively rare and differs from other GI tract
cancers as being significantly more common in females
than in males.”” Due to non-specific symptoms or signs
of this neoplasm, the prognosis is poor and often is
diagnosed late at advanced stages.®’ However, preventive
interventions, e.g., obesity and diabetes control along with
laparoscopic cholecystectomy and current advancements
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in noninvasive diagnostic techniques for better detection
of gallstones (e.g, endoscopic ultrasonography)
contributed to substantial reductions in the incidence and
mortality of gallbladder cancer, worldwide.”**> Hence,
the increasing mortality rates of gallbladder cancer in
Iran may be due to higher prevalence of diabetes or
obesity, improved diagnosis and reporting of the disease,
or inadequate access to cholecystectomy procedures in
the country. These findings and risk factors regarding
gallbladder cancer in particular among Iranian females
need to be studied in-depth.

Worldwide, liver cancer represents a major cause
of cancer death' with almost similar incidence and
mortality rates due to its poor prognosis.®* Our data
showed that the disease, though highly fatal, is less
common and contributed to a relatively smaller mortality
rates compared to the other GI cancers. In contrast to
upper GI cancers and colorectal cancer, during the study
period the mortality rates of liver cancer have been
increasing between 1990 and 2008 and then started to
decline. This is comparable with the previously published
data’ which confirmed a significant rise in the mortality
of liver cancer in Iranians males (88%) and females
(103%). However, our rates still remain significantly
lower than those reported from the East Mediterranean
region in 2012.° These international differences can
be largely explained by the widespread distribution of
vaccination against hepatitis B virus and hepatitis C virus
which respectively accounted for 53% and 25% of the
total mortality from liver cancer globally.®** Tndeed,
prevention and control of chronic hepatitis B and C
would combat the current trends in the incidence and
mortality of liver cancer,” which-is. possible through
increasing the coverage of hepatitis B immunization in
infants, harm reduction, injection and blood safety, and
by enhancing treatment rate for hepatitis B and C.'%%57
In Iran, hepatitis B and hepatitis C are the main etiology
of liver cancer while alcohol consumption and metabolic
disorders are less common.” This is possibly due to the
fact that the majority of Iranian adults were born before
the implementation of national hepatitis B vaccination
for neonates in 1994. However, in coming decades we
expect more reduction in liver cancer mortality as an
impact of widespread hepatitis B vaccination which has
reached a coverage of over 98% in infants in 2015.77
On the other hand, non-alcoholic fatty liver disease as
a major cause of cirrhosis and liver cancer is the most

common liver disease in Iran,’*"

which might partly
explain the increasing death rates for liver cancer in Iran
and calls for public health strategies and serious actions
at population level.”

This study has covered a large scale using very

comprehensive information. However, it suffers from

few shortcomings given possible inconsistencies in
cancer diagnosis and under-reporting or incompleteness
in our death registry system. On the other hand, the
proportion of known diagnosis versus unidentified
causes of death has been increased overtime. These
might have contributed, in part, to the observed increases
in some GI cancer death rates. Therefore, the current
results, particularly data of liver cancer mortality, should
be interpreted with caution. Indeed, most of liver cancers
are metastatic and the site of origin is mainly GI tract,
but in clinical practice may be considered as primary
hepatocellular caner when liver biopsies is not attempted
or not possible and this is not usually specified in the
death certifications. More details about the NASBOD
study’s limitations and strengths have been mentioned
elsewhere.!”

In conclusion, the cufrent data indicated that overall
mortality rate from GI cancers was particularly high
although mortality due to cancers of the esophagus,
stomach, colon, and fectum has been declining in
the recent decade. We also detected annual increases
in mortality rate from cancers of liver, pancreas, and
gallbladder and biliary tract throughout the period 1990—
2015. Therefore, we suggest preventive interventions
and eatly stage detection of these malignancies which
eventually would decline mortality. Indeed, effective health
strategies should consider lifestyle modification (e.g,
obesity, physical activity, smoking, alcohol consumption,
etc.) and better access to high quality cancer screening
and treatment services in the Iranian population.
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