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Abstract
Background Colorectal cancer (CRC) is expected to be of the most common cancers in developing
countries, where the its mortality is high and less services are avaiable for cancer survivors. Methods To
assess the incidence rate, �rstly, the incidence rates of colon and rectum reported in the two sites of
http://globocan.iarc.fr and http://healthdata.org from 1990 to 2017 were extracted based on gender and
age groups (less than 40 and more than 40 years old), In the next step, according to the incidence and
APC(annual percentage change) provided in the previous step, we predicted the incidence for the next
years according to the formulas. we Estimated the prevalence of 1-year, 2-3 year and 4-5 year using
survival and incidence according to the formula. At the end we predicted prevalence by 2030 in Iran.
Results In our study, AAPC(average annual percentage change) for women was found to be 4.07%(CI:
3.76-4.39) in all age groups and AAPC= 4.30%(CI: 4.14-4.47) for men in all age groups. the predicted
incidence in the group under 40 that in men it reaches from about 12 to 15 per 100,000 and for women
from about 10 to 11 per 100,000. While the increase of 100/ 10000 was found in the women over 40
years and the increase of 150/100,000 was obtained in men. And In all groups, predicted prevalence rate
increases. In the group under 40 and the group over 40 prevalence increase about 2000 and 26000
numbers respectively in women and men from 2000 to 2030. Conclusions With regard to the above
mentioned cases, there is a strong need for cancers registry, which is the population information and
follow-up of patients, and the establishment of research institutes to determine the basic needs of
patients.

Abstract
Background: Colorectal cancer (CRC) is expected to be of the most common cancers in developing
countries, where the its mortality is high and less services are avaiable for cancer survivors.

Methods:To assess the incidence rate, �rstly, the incidence rates of colon and rectum reported in the two
sites of http://globocan.iarc.fr and http://healthdata.org from 1990 to 2017 were extracted based on
gender and age groups (less than 40 and more than 40 years old), In the next step, according to the
incidence and APC(annual percentage change) provided in the previous step, we predicted the incidence
for the next years according to the formulas. we Estimated the prevalence of 1-year, 2-3 year and 4-5 year
using survival and incidence according to the formula. At the end we predicted prevalence by 2030 in
Iran.

Results: In our study, AAPC(average annual percentage change) for women was found to be 4.07%(CI:
3.76-4.39) in all age groups and AAPC= 4.30%(CI: 4.14-4.47) for men in all age groups. the predicted
incidence in the group under 40 that in men it reaches from about 12 to 15 per 100,000 and for women
from about 10 to 11 per 100,000. While the increase of 100/ 10000 was found in the women over 40
years and the increase of 150/100,000 was obtained in men. And In all groups, predicted prevalence rate
increases. In the group under 40 and the group over 40 prevalence increase about 2000 and 26000
numbers respectively in women and men from 2000 to 2030.

http://globocan.iarc.fr/
http://healthdata.org/
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Conclusions: With regard to the above mentioned cases, there is a strong need for cancers registry, which
is the population information and follow-up of patients, and the establishment of research institutes to
determine the basic needs of patients.

key words: Incidence, Prevalence, Colorectal Cancer, Predict, joint PointRegression, Iran

Introduction
Cancer is a common disease among all age groups in the world [1]. It is the leading cause of mortality in
developed countries and the second cause of mortality in developing countries [2]. Regardless of the level
of resources in the next decades, it will be the major cause of mortality in every region of the world [2-4].
Iran, as an Asian country, will experience increased cancer-associated mortality rates, while cancer is still
the third leading cause of death in the country [5].

Gastrointestinal cancers are one of the most common cancers and generally one of the public health
concerns in some parts of the world [6]. Colorectal Cancer (CRC) is one of the most common forms of
neoplasia in industrialized countries [7] and the third leading cause of cancer mortality in the world [8].
The geographical distribution of CRC is strongly related to environmental factors. Hence, there is
sometimes a 20-fold difference in the distribution from one region to another [6].

The epidemiological characteristics of CRC, such as incidence and age distribution, are extensively
different in various parts of the world [9, 10]. The occurrence of CRC also varies considerably throughout
the world. The highest adapted age range of 25-35 per 100,000 has been found in North America, Western
Europe, and Australia, while it is very low in Africa, except for South Africa [11]. Although the annual
incidence of CRC is about 30-50/100,000 in North America and Europe is about 30-50/ 100,000 [9], it is
about 3-7/100,000 in most Middle Eastern countries [12, 13]. In Western countries, only 2-8% of total
CRCs occur in young patients (40 years old )[14-18]. In contrast, several studies indicated that 15-35% of
CRCs occurred at the age of 40 years in Middle Eastern countries [19-21].

According to numerous studies of motility and morbidity, many cancers in Iran are increasing and this
increase is expected to continue. Evidence suggests that colorectal cancer is one of those cancers that is
on the rise despite prostate, breast, stomach, and cancers[5, 22, 23].

With the increase in cancer in low and middle resource countries, it calls for special attention to the
design and implementation of preventive and control programs in these areas[24]. Access to valid
statistics is one of the vital components in planning, controlling and monitoring cancer [25, 26].

Including population -based rates of incidence, prevalence and survival. The lack of appropriate cancer
registries in such areas makes all these criteria uncalculated, especially for the outbreak and survival
rates that need to be tracked by cancer patients. As a result, evidence-based policy is out of the
question[27].
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Several attempts have been made to estimate the incidence of cancer based on incidence and survival
data in Iran, but due to the incomplete initial information required for mortality-based methods, they have
failed to meet the expectations of researchers and policymakers[28, 29].

Considering the epidemiological transition, population aging, and industrial lifestyle, the future increase in
the CRC burden is felt in Iran. The incidence and mortality rates of CRC are also still relatively high in
Iran[30-34]. Thus, the population of CRC survivors is considerably increasing in Iran. However, to the best
of our knowledge, limited information is available regarding the incidence of CRC in Iran [23, 35, 36]. This
shortcoming is mainly due to the lack of population-based cancer information in Iran [37]. We suspect
that the adapted method can estimate the prevalence of cancer with a desirable accuracy. The aim of this
study was to evaluate the total prevalence of 5 years, 4-5 years, 2-3 years and the prevalence of 1 year old
cancer in Iran.Hence, the present study aims to predict the incidence of CRC up to 2030 and to explain its
incidence and prevalence trends. The study results can be used by policymakers for future planning in
this regard.

Materials And Methods
A secondary data analysis and modeling study was done in three phases as follow:

Phase I: Incidence

As data on the cancer incidence in Iran is not available for each year due to unstability of Iranian cancer
registry, we have to use the most accurate and update data. The most updated data on the incidence of
CRC in 2012 has been published by IARC based on the latest published Iranian national cancer report. We
retrived number of new CRC cases in Iran during 2012 by age groups and gender.

Second source of available data on the cacner in Iran was the online website of the global burden of
disease (GBD 2016). These data are provided by modelings which are mainly based on the reports from
the Golestan Cancer Registry and the Iranian national cancer registry. Although these data may provide
an acceptable overview on the temporal trends on cancer incidence in Iran, the provided absolute values
may not be useful. Data on the CRC incidence during 1990 to 2017 was reterived from the GBD website.
Data were retierved for males and females in terms of age-speci�c incidence rate.

Temporal trends were analyzed for two types of rates including “overall age standardized”, and “crude
incidence” rates in males and females, sparatly. Join point regression was applied for trend analysis
using joinpoint regression software. Annual percentage change (APC) and average annual percent
changes (AAPC) and their 95% con�dence intervals were estimated.

Considering incompleteness of case scertainment of Iranain cancer registries, absolute values retrerived
from GLOBOCAN 2012 were corrected for incompleteness rate. Age and gender stratum speci�c
incompleteness rate were assumed based on previouse reports on the quality of the Iranian national or
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subnational cancer data. In each age and gender subgroups, the corrected number of CRC cases were
estimated applying the following equation:

Corrected new CRC cases by 2012= # of new cases reported by GLOBOCAN 2012*[1+(1-completeness
rate)]

We predicted the incidence for the next years according to the following formulas [38]:

A A P C i > 0 ; # o f c a s e s = c o r r e c t e d I d × ( A A P C i 100 + 1 )n

A A P C i < 0 ; # o f c a s e s = c o r r e c t e d I d ( A A P C i 100 + 1 ) n

Where Id is stratum speci�c incident cases in the last year of the given data, and AAPC is the statum
speci�c AAPC of overall trend of crude rates during 1990 to 2017, n is the number of years for which the
incidence will be predicted.

Phase II: Estimation and projection of colorectal cancer prevalence:

At this stage, in order to assess the prevalence, we estimated the 5-years prevalence of CRC including; 1-
year, 2-3 years, and 4-5 years partial prevalence. we used the survival and incidence from the following
formula to calculate these occurrences, then evaluated the prevalence rate in patients with 1-5 years of
diagnosis.

∫ i = 1 n I C k - 1 × S k - 1 ( i - 0.5 ) [4]

Where the n-year prevalence in the age k was calculated based on year-speci�c incidence rates and
survival probability. In this formula ICk is the number of new patients at the age of k and S is absolute
survival, Sk(t) is the proportion of patients diagnosed at the age of k that survived in year t, and n is the
number of years after diagnosis.

To implement this formula, we extracted the incidence from the two sites described in Phase I, and for the
survival, the data were used provided in http://www.cancerresearchuk.org, by Gelband et al. [39], the
international IARC study [40], and the article of Crooki et al. [41]. Considering the best and worst scenarios
with a 95% uncertainty level, we estimated the lower bound and upper bound of the survival rate of
cancer, and �nally, according to the formula, we calculated the prevalence for less than 1 year (patients in
the early stages of treatment), 2 to 3 years (clinical follow up Patients) and 4 to 5 years (cure phase) over
the given time (1990 to 2017). Ultimately, considering the predicted incidence in the considered year,
assuming a constant survival, and obtaining coverage of cancer in Iran (minimum and maximum percent
for completeness of case identi�cation at IR.NCR) between 70 and 85%, the prevalence less than one
year, 2 to 3 years, and 4 to 5 years were predicted to 2030.

Results

http://www.cancerresearchuk.org/
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Results

The incidence of CRC from 1990 to 2017

The results revealed that AAPC was 4.07% among females in all age groups (CI:3.76-4.39) and 4.30%
among males in all age groups (CI:4.14-4.47).

The incidence of CRC in both males and females aged less than 40 years has been depicted in Figure 1.
Accordingly, the incidence was higher in females than in males in 2004. However, the incidence of the
disease in males surpassed that in females since 2005. AAPC was 0.67% among females less than 40
years old (CI:10.9-30.4) and 1.76% among males aged less than 40 years (CI:1.61-1.92). Therefore, the
average annual change was higher in males compared to females at the below 40 age group. Meanwhile,
the highest APC among the females younger than 40 years was reported in 2007-2012 (5.40%). This
measure was reported to be 4.97% among males in 2005-2011.

The incidence of CRC among males and females aged above 40 years has been presented in Figure 2.
Accordingly, the incidence of CRC was higher in males than in females aged over 40 years. Indeed, AAPC
was 1.67% among in females over 40 years old (CI:1.84-1.5) and 2.08% among males in the same age
group (CI:1.88-2.88). Thus, similar to the previous age group, the average annual change was higher in
males than in females. Moreover, the highest APC reported among females aged over 40 years was 6.77
in 2004-2009. Considering males, this measure was obtained as 4.66 in 2001-2010.

The prediction of CRC incidence from 2017-2030

According to AAPCs, the incidence rates predicted up to 2030 based on the gender and age groups have
been presented in Table 1 (see Supplementary Files). As the table depicts, the predicted incidence was
slightly higher among both females and males in the under 40 age group. Accordingly, it reached from
about 12 to 15 per 100,000 among males and from about 10 to 11 per 100,000 among females.
Additionally, a 100/10,000 and 100/100,000 increase was found among females and males over 40
years, respectively.

Trend and prediction of the prevalence of CRC:

The trends of 1-, 2-3-, and 4-5-year prevalence rates in gender and age groups have been depicted in
Figure 3. Accordingly, the prevalence rate increased in all age groups. It reached 3201 among males less
than 40 years old and 34077 among those aged above 40 years by 2030. Considering females, this
measure reached 2407 and 28673 in the below and above 40 age groups, respectively.

Discussion
In the present study, the incidence and prevalence of CRC were investigated from 1990 to 2017 and its
incidence and prevalence by 2030 were predicted. The results indicated an increasing trend in the below
40 age group, but this increase was not absolute and not very high and ranged from 8 to 12 per 100,000.
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However, the incidence trend was absolute and almost higher reaching from around 280 to 555 per
100,000 in the over 40 age group. Moreover, an incremental trend was observed in both gender and age
groups regarding the prevalence rate of CRC from 1990 to 2017. Therefore, as outlined in other studies,
the prevalence data are required in addition to incidence and mortality rates for more effective cancer
planning [42]. Generally, prevalence is considered to be an appropriate criterion in the area of healthcare
planning and care provision for patients [42]. This refers to the number of people in the community
requiring a given method of care [42]. Recent progresses in timely diagnosis and treatment of the disease
as well as the increase in the number of new cancer cases, especially in developing countries, have led to
an increase in the number of cancer survivors who have fundamental requirements in social and medical
contexts at different stages of the disease [43, 44]. Patients may be depressed or anxious due to the fear
of recurrence of cancer, loss of their jobs, or their social and intellectual abilities [45, 46]. Indeed, many
cancer survivors sometimes encounter challenges beyond medical issues, including their ability to
continue working and maintain insurance coverage [47]. Hence, every national cancer control program
needs to cover this growing population and its requirements.

Furthermore, in predicting the incidence until 2030, an incremental trend was also observed that was still
not growing signi�cantly in the group under 40 years old in predicting the incidence until 2030, while in
the age group over 40 years this increase was absolute and high.

Considering the prediction of CRC incidence until 2030, a non-signi�cant incremental trend was observed
in the below 40 age group, while this trend was absolute and high in the over 40 age group. There was
also an increasing trend in the prevalence of CRC that was almost the same in the two age groups. The 5-
year prevalence of the disease reached 34077 among males over 40 years old by 2030, which is almost
twice the value estimated in other studies by 2020 [37]. Considering these values, about 24% of patients
are in the early stages of the treatment and need surgical interventions, chemotherapy, and radiation
therapies. Nonetheless, most CRC patients are diagnosed in the second and third stages of the disease
[48]. In addition, most patients are at the end of the clinical phase, accounting for 33% of CRC survivors.
These patients require further medical examinations to prevent the recurrence of the disease and must be
further supported socially and psychologically [49].

The results of the present study indicated that the incidence and prevalence of CRC was higher at the
ages over 40 years, with a higher proportion in males than in females. This can help policymakers focus
on the given group and gender in terms of both prevention and treatment. However, there are few reports
related to needs assessment of CRC patients in Iran. Except for a charity center in Tehran, most cancer
survivors are not supported in medical and social terms. Besides, due to the incomplete and
underestimated statistics, the growing population of cancer survivors and their social, medical, insurance,
and �nancial requirements have been forgotten by Iranian cancer researchers [37].

Although the current study estimated and reported the prevalence of CRC, it involved some limitations,
including lack of survival estimations on the basis of the Iranian population. Thus, the required
information was obtained with the help of other non-Iranian studies. Nonetheless, these studies were not
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population-based. To solve this problem, the survival was computed using the con�dence intervals
reported by other studies, which eliminated this limitation to some extent. Another study limitation was
that CRC coverage percentage was reported differently in various resources, which made the researchers
take advantage of their con�dence intervals for estimation and modeling.

Conclusion
Based on the study results, the need for cancer registration including the patients’ population- and follow
up-based data is highly felt. In addition, considering the growth of CRC patients one and �ve years after
diagnosis of their disease with speci�c medical, social, and psychological requirements, it is
recommended to establish institutes for identifying and meeting the patients’ needs.
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AAPC: average annual percentage change
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