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Introduction: Colorectal cancer (CRC) is the third most commonly diagnosed malignancy 
and its incidence, as well as mortality rate, is increasing globally. In this paper, the 
epidemiological analysis of CRC which includes colon cancer (CC) and rectum cancer 
(RC) is done among the Saudi Arabian population based on the registered cases in the 
Saudi cancer registry between 2006 and 2016. The study describes the crude incidence rates 
(CIRs) and age-standardized incidence rates (ASIRs) of colorectal cancer by year of diag-
nosis, age group, and administrative regions to explore the spread, distribution, trend, and 
factual state of the disease in Saudi Arabia.
Methodology: For statistical analysis of data, t-test, sex ratio, descriptive statistics, and 
Kruskal–Wallis were done using IBM Statistical Package for the Social Sciences version 
20.0 (SPSS). A total of 7849 and 5164 of colorectal cancer and rectum cancer cases were 
reported from January 2006 to December 2016, respectively.
Results: Results displayed that CRC is more frequent in males than females and have a high 
mean number and percentage in the old age group (60–75 and above). Riyadh (for CC and 
RC), Makkah (CC), and Eastern Province (RC) showed the highest mean CIR and ASIR for 
males. The highest CIR sex ratio was calculated in Jouf and Madinah for CC whereas 
Qassim, Jazan, and Tabuk were calculated highest for RC. Highest ASIR sex ratio reported in 
Jouf (CC) and Tabuk (RC). Lowest CIR and ASIR among males were reported in Baha (CC) 
and northern region (RC). In females, the highest mean CIR and ASIR were reported in 
Riyadh (CC and RC) and Makkah (CC). Lowest CIR and ASIR among females were 
reported in Jazan in both CC and RC.
Conclusion: Regions of Eastern Province, Northern Region, and Jouf showed the most 
significant changes of CIRs and ASIRs for both cancers, whereas the least significant change 
was reported in Jazan from 2006 to 2016.
Keywords: epidemiological analysis, colorectal cancer, Saudi cancer registry, CIR, ASIR, 
statistical analysis

Introduction
Cancer is the second utmost recurrent cause of death all around the world. The 
International Agency for Research on Cancer (IARC) estimated that, globally, nearly 
18.07 million new cases of cancer and approx. 9.5 million deaths from cancer occurred.1 

Colorectal cancer (CRC) (includes colon cancer and rectal cancer) is the third most 
common cancer globally after lung and breast cancer (Table 1).2 In 2018, 0.88 million 
deaths were estimated worldwide.3 CRC occurring in developed regions like Europe, 
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America, and Australia as compared to the developing or less 
developed nations.4 However, in affluent countries, there is 
a considerable decrease in CRC incidence and mortality due to 
rapid screening and improved treatments.5,6 The countries 
with the highest age-standardized incidence rates (ASIRs) 
and age-standardization mortality rate (ASMRs) of CRC 
among all sexes were Austria, New Zealand, Mongolia, and 
Hungary respectively in 2018.3 SEER Cancer statistics 2020, 
estimated approx. 147,950 new cases of colon and rectum 
cancer (8.2% of all new cancer cases) and estimated approx. 
53,200 deaths (8.8% of all cancer deaths).6 Among the five 
major Gastrointestinal cancers, colorectal cancer is topmost 
cancer with high ASIR in all sexes worldwide (Table 1).1,7

In Saudi Arabia (SA), all cancer ASIR is 88.7 per 
100,000 populations and ASMR is 43.3 per 100,000 popula-
tions, respectively. Colorectal cancer (ASIR- 13.1, ASMR- 
6.3) is the second most common cancer that occurred after 
breast cancer (ASIR- 27.3, ASMR-7.5) in Saudi Arabia. In 
Saudi males, colorectal cancer is the top most common 
cancer whereas it the third most common cancer among 
Saudi females. And out of five major GI tract cancer, color-
ectal is under the top ten cancers of Saudi Arabia.1,8 

According to ICAR, WHO, GLOBOCON 2018, among 
gulf countries, the highest ASIR in both sexes, male and 
female were found in UAE, Saudi Arabia, and Kuwait, 
respectively, whereas the highest ASMR was found in 
Qatar and Oman (Table 2).

Obesity,9 diets rich in red and processed meat, alcohol 
consumption, smoking, inflammatory bowel disease are 
modifiable risk factors (60–65% CRC rises sporadically) 
whereas family history or personal history of colorectal 
cancer and polyps in the colon (25–30%), ulcerative colitis 
or Crohn’s disease or hereditary syndromes (approx. 5%) are 
non-modifiable risk factors.5,10 Westernization of a country, 
change in lifestyle and eating patterns, industrialization, 

environment are some other factors that are responsible for 
the rise in the CRC incidence rate.4,5,11

In this article, aimed to study the epidemiological 
parameters of crude incidence rates (CIRs) and Age- 
standardized incidence rates (ASIRs) of colorectal cancer 
by year of diagnosis, age group, and administrative regions 
among the Saudi population to investigate and describe the 
distribution of colorectal cancer. For the purpose, an obser-
vational detailed epidemiological study of the distribution 
of colorectal cancer cases registered in the Saudi cancer 
registry between 2006 and 2016 was carried out.

Materials and Methods
A retrospective observational population-based epidemio-
logical study of colorectal cancer was performed and the 
data is based on the cancer registry by the ministry of 
health, Saudi Arabia.12 The data of colon and rectum 
cancer diagnosed cases in all regions of Saudi Arabia 
between January 2006 and December 2016 is open to the 
public as well as easily accessible through the Saudi 
Cancer Registry (SCR) annual reports,13 hence, the ethical 
approval for this study was not required. SCR provides 
a comprehensive report for 13 administrative regions from 

Table 1 Numbers, ASIR, ASMR, Crude Rates of Few Top GI and Non-GI Cancers in the World1,3

Cancer Incidence Mortality

Number ASIR Crude Rate Number ASMR Crude Rate

All cancers 18078957 197.9 236.9 9555027 101.1 125.2

Breast Cancer 2088849 46.3 55.2 626679 13.9 16.6
Lung Cancer 2093876 22.5 27 1761007 18.6 23.1

Colorectal Cancer 1849518 19.7 24.2 880792 8.9 11.5

Stomach 1033701 11.1 13.5 782685 8.2 10.3
Liver 841080 9.3 11 781631 8.5 10.2

Oesophagus 572034 6.3 7.5 508585 5.5 6.7

Pancreas 458918 4.8 6 432242 4.4 5.7

Table 2 Gulf Countries ASIRs and ASMRs of Colorectal Cancer 
in Males and Females, All Ages, 20181

Gulf 
Countries

Both Sexes Male Female

ASIR ASMR ASIR ASMR ASIR ASMR

Kuwait 13.2 7.5 12.9 7.4 14 7.9
Oman 11 6.4 11.7 6.8 9.6 9.5

Bahrain 12.6 6.4 14.2 8.9 11.2 7.6

Qatar 13 8.7 13.5 9 13.8 9.5
UAE 14.1 7.4 14.8 7.7 13.5 7.3

Saudi 

Arabia

13.1 6.3 14.9 7.3 10.6 5
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2006 to 2016, incidence with the percentage of cases, CIR 
and ASIR, categorized by the administrative regions of 
Saudi Arabia, gender, and the year of diagnoses. This 
study includes only Saudis (citizens of Saudi Arabia) and 
not non-Saudi residents.13,14

Statistical Package for the Social Sciences (SPSS) version 
20.0 (IBM Corporation, Armonk, NY, USA) was used for 
statistical analysis. The CIRs and ASIRs of the year 2006 to 
2016 were reported from SCR reports and differences between 
them were calculated to examine the trends of colon and 
rectum cancers among males and females in different admin-
istrative regions of Saudi Arabia. This was achieved by using 
independent-samples t-test to compare the CIRs and ASIRs of 
colon and rectum cancer among males and females. Also, 
a nonparametric Kruskal–Wallis H-test was performed to cor-
relate the CIRs and ASIRs of colorectal cancer between 
regions of Saudi Arabia. Also, the male to female ratio of 
colorectal cancer was calculated from the age-specific inci-
dence rate (AIR), the CIR, and the ASIR classified by age 
group, year of diagnosis, and administrative regions. The 
inclusive distribution of the percentage of a stage of cancers 
ie localized stage (not invasive), regional stage (invasive to 
nearby organs and tissues), distant stage (distantly spread), and 
unknown stage of colorectal cancer among males and females 
were also calculated from 2006 to 2016.15

Results
Colorectal Cancer Among Males
A total of 4157 colon cancer (CC) and 2959 rectal cancer 
(RC) cases were reported between January 2006 and 
December 2016 in SCR reports. The incidence of the 
number of colon and rectum cancer cases increased mar-
ginally from 2006 to 2016 (Tables 3 and 4). There were 
232 cases (6%) of CC and 182 of RC (6%) reported in 
2006 (Figure 1A and B). From 2006 to 2016, the number 
of CC and RC cases are increased, representing an 
increase of 8% and 7%, respectively. The mean number 
and percentage of CC and RC from 2006 to 2016 among 
males was 374 and 269 cases (9% CC and 9.1% RC) 
per year. The mean number and percentage of CC and 
RC cases reported between 2006 and 2016, classified by 
age group, was calculated. The class width of the age 
groups was maintained at 5 years, starting from 0 to 4, 
till 70–74, and over 75 years of age. From 2006 to 2016, 
males from 75 years and over age group were most fre-
quently diagnosed with CRC. In CC, males with 75 years 
and over age group followed by 65–69 years of age group, 

Table 3 The Difference Between CIR and ASIR of Colon Cancer 
Between 2006 and 2016

Region Sex CIR/ 
ASIR

2006 2016 Difference

Asir Male CIR 2.1 6 3.9

ASIR 3.2 7.5 4.3

Female CIR 2.1 4.9 2.8

ASIR 3.5 5.9 2.4

Baha Male CIR 1.3 2.8 1.5

ASIR 1.7 2.3 0.6

Female CIR 0.6 5.1 4.5

ASIR 1 4.4 3.4

Jazan Male CIR 0.4 1.7 1.3

ASIR 0.7 2.5 1.8

Female CIR 0.6 1 0.4

ASIR 0.7 1.1 0.4

Madinah Male CIR 2.2 6.5 4.3

ASIR 4 9 5

Female CIR 3.5 2.5 −1

ASIR 5.7 3.5 −2.2

Hail Male CIR 3 1.9 −1.1

ASIR 3.8 2.3 −1.5

Female CIR 0.8 4.9 4.1

ASIR 1.2 5.6 4.4

Qassim Male CIR 2.4 5.8 3.4

ASIR 3.8 7.9 4.1

Female CIR 2.3 4.5 2.2

ASIR 3.9 6.2 2.3

Najran Male CIR 2.2 0.9 −1.3

ASIR 5.3 1.3 −4

Female CIR 1.1 2.8 1.7

ASIR 1.8 3.6 1.8

Jouf Male CIR 1.8 3.7 1.9

ASIR 3 5.7 2.7

Female CIR 1.2 2.7 1.5

ASIR 3.4 4.6 1.2

(Continued)
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demonstrating 17% and 12% of all CC cases, respectively. 
Whereas in RC, 75 years aged men represent 14% and 
65–69 years old men represent 12%. The young age 
groups (aged 0–29 years range) documented the lowest 
average number and percentage of CC and RC cases 
(Figure 1A and B) (Supplementary Table 1. A, 1. B).

The mean age-specific incidence rate (AIR) of CC 
from 2006 to 2016 was highest in males of the age 
group of 75 years and over, followed by 70–74 and 65–6 
age groups; whereas, in RC, it is highest in the age groups 
of 75 and over, 70–74, 65–69 and 60–64. The AIR sex 
ratio of RC was higher among males in all age groups, 
whereas in CC it was higher from 55 to 75 years and over. 
However, the AIR sex ratio was almost comparable to 
other age groups from 0 to 44 years (Figure 2A and B).

Table 3 (Continued). 

Region Sex CIR/ 
ASIR

2006 2016 Difference

Tabuk Male CIR 1.5 3 1.5

ASIR 3.7 4.9 1.2

Female CIR 2.3 3.8 1.5

ASIR 5 5.6 0.6

Northern 

Region

Male CIR 3.2 2.1 −1.1

ASIR 4.9 3.5 −1.4

Female CIR 0.8 4.9 4.1

ASIR 1.3 6.8 5.5

Riyadh Male CIR 3.7 7.7 4

ASIR 7.2 11.7 4.5

Female CIR 3.4 5.7 2.3

ASIR 6.9 9 2.1

Makka Male CIR 3.1 5.3 2.2

ASIR 5.3 6.3 1

Female CIR 3 4.6 1.6

ASIR 5 5.7 0.7

Eastern 

Province

Male CIR 2.4 6.8 4.4

ASIR 5.4 10.9 5.5

Female CIR 3 5.2 2.2

ASIR 5.5 7.9 2.4

Table 4 The Difference Between CIR and ASIR of Rectum 
sCancer Between 2006 and 2016

Region Sex CIR/ 
ASIR

2006 2016 Difference

Asir Male CIR 1.5 4.2 2.7

ASIR 2.2 5.4 3.2

Female CIR 1.6 2.1 0.5

ASIR 2.7 2.3 −0.4

Baha Male CIR 3.2 1.7 −1.5

ASIR 4.6 2.2 −2.4

Female CIR 1.7 1.5 −0.2

ASIR 2 1.3 −0.7

Jazan Male CIR 0.8 1.2 0.4

ASIR 1.2 1.4 0.2

Female CIR 0 1.5 1.5

ASIR 0 2 2

Madinah Male CIR 2.4 2.5 0.1

ASIR 3.9 3.5 −0.4

Female CIR 2.2 2.1 −0.1

ASIR 3.8 2.9 −0.9

Hail Male CIR 3.5 2.7 −0.8

ASIR 5 3 −2

Female CIR 1.2 3.7 2.5

ASIR 1.8 4.6 2.8

Qassim Male CIR 1.6 3.4 1.8

ASIR 2.8 4.8 2

Female CIR 0.7 1.8 1.1

ASIR 1.3 2.4 1.1

Najran Male CIR 0 1.4 1.4

ASIR 0 1.9 1.9

Female CIR 0.5 0 −0.5

ASIR 0.8 0 −0.8

Jouf Male CIR 0 2.1 2.1

ASIR 0 3.2 3.2

Female CIR 0 2.7 2.7

ASIR 0 4.6 4.6

(Continued)
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The crude incidence rates (CIRs) of CC and RC cases 
among males in Saudi Arabia indicate an increase with 
a slight decrease in 2008 and 2010 in CIR of both CC and 
RC (Supplementary Table 3. A, 3. B). In 2016, the CIR of 
5.7 and 3.6 of CC and RC was the highest rate recorded by 
SCR. Additionally, the mean CIR of CC in males from 
2006 to was 3.3 and for RC it was 2.8. We performed the 
independent-samples t-test on the CIRs among males and 
females and in results we found that the CIRs of CC [t (20) 
= 1.091, P < 0.01] and of RC [t (20) = 3.938, P<0.01] were 
significantly higher in males than females. Besides, the 
mean CIR sex ratio for CC and RC was 1.1 and 1.3 
respectively (Figure 3A and B).

The mean CIRs of CC and RC were categorized by the 
administrative regions of Saudi Arabia and were also 
reported from the SCR (Figure 4A and B). The regions of 

Riyadh had the highest mean CIRs for CC and RC in males, 
respectively. Additionally, the second-highest CIRs were 
found in Makkah for CC and the Eastern region for RC in 
males. Since the data is not following a normal distribution, 
we performed the Kruskal–Wallis H-test on CIRs from all 
regions in males and found statistically significant for these 
regions in comparison to remaining administrative regions. 
The chi-square values [χ2 (12, N=143), (P < 0.01)] were 
calculated for CC (χ2 = 87.753) and RC (χ2 = 81.897) in 
per 100,000 males. Moreover, the highest CIR sex ratio was 
reported in Jouf at 1.5, and Madinah at 1.4 for CC. Whereas 
Qassim, Jazan, Makkah, and Tabuk showed the highest crude 
incidence male-to-female ratio for RC. The lowest mean CIR 
was observed for CC was Baha and RC was the Northern 
region (Figure 4A and B).

The ASIRs of CC and RC were reported from the SCR 
classified according to the year of diagnosis per 100,000 
males (Figure 5A and B). Overall, the value of ASIRs of 
CC and RC are steadily increasing. In 2016, the highest 
ASIR of CC was reported at 7.8, and the lowest ASIR of 
CC was at 5.3 in 2008. Whereas, 2009 and 2016 were the 
years when the highest ASIR of RC was reported at 5.1 
and the lowest ASIR of RC was reported in 2008 at 3.7. 
Furthermore, the mean ASIR of CC was at 6.3 and the 
mean ASIR of RC was at 4.5. We also performed the 
independent-sample t-tests on ASIRs of CC and RC 
among males and females and found that the ASIRs of 
CC [t (20) = 2.509, P<0.01] and of RC [t (20) = 7.7, 
P<0.01] were more significantly higher in males than 
females. On the other hand, the mean ASIR sex ratio 
from 2006 to 2016 per 100,000 was 1.1 for CC and 1.3 
for RC.

The mean ASIRs of years 2006 to 2016 classified by the 
administrative region of Saudi Arabia for CC and RC were 
calculated (Figure 6A and B) (Supplementary Table 2. A, 2. B). 
The highest mean ASIR for CC was reported from the regions 
of Riyadh and Makkah, which was followed by the Eastern 
Province. Similarly, the highest mean ASIR for RC was 
reported from the region of Riyadh, followed by Eastern 
Province. We also performed the Kruskal–Wallis H-test on 
ASIRs from all regions in males and found statistically 
significant for these regions in comparison to remaining 
administrative regions (Supplementary Table 5. A, 5. B). The 
chi-square values [χ2 (12, N=143), (P < 0.01)] were calculated 
for CC (χ2 = 99.175) and RC (χ2 = 91.21). Likewise, the highest 
ASIR sex ratio was reported in Jouf for CC and Tabuk for RC. 
Alternatively, the lowest mean ASIRs of CC and RC was 

Table 4 (Continued). 

Region Sex CIR/ 
ASIR

2006 2016 Difference

Tabuk Male CIR 0.9 0.5 −0.4

ASIR 3 0.9 −2.1

Female CIR 0.3 0.6 0.3

ASIR 1.1 0.6 −0.5

Northern 

Region

Male CIR 0 2.1 2.1

ASIR 0 3.3 3.3

Female CIR 0.8 0.7 −0.1

ASIR 1.7 1.4 −0.3

Riyadh Male CIR 2.5 4.7 2.2

ASIR 5.2 7.2 2

Female CIR 2.7 3.6 0.9

ASIR 5.4 5 −0.4

Makka Male CIR 2.5 4.1 1.6

ASIR 4.2 5 0.8

Female CIR 1.7 2.2 0.5

ASIR 2.6 2.7 0.1

Eastern 

Province

Male CIR 2.4 4.2 1.8

ASIR 5.2 6.4 1.2

Female CIR 1.8 4 2.2

ASIR 3.5 5.7 2.2
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Figure 1 (A) Number and percentage of colon cancer in males during 2006 to 2016. (B) Number and percentage of rectum cancer in males during 2006 to 2016. (C) 
Number and percentage of colon cancer in females during 2006 to 2016. (D) Number and percentage of rectum cancer in females during 2006 to 2016.
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documented in Baha, and the Northern region (Figure 6A 
and B).

The inclusive distribution of the percentage of a stage of 
colorectal cancer in males was reported to know that in what 
stage the cancer was diagnosed more frequently among 
males. We found that colorectal cancer was diagnosed 
more frequently at the regional stage (39.3%), which was 
followed by a distant stage (25.7%) and localized stage 
(22.8%). It is also reported that colorectal cancer was diag-
nosed at an unknown stage in a lower percentage (12.2%) 
(Figure 7A) (Supplementary Table 7. A).

Colorectal Cancer Among Females
A total of 3692 colon cancer (CC) and 2205 rectal cancer 
(RC) cases were reported between January 2006 and 
December 2016 in SCR reports (Supplementary Table 1. C, 
I, D). The incidence of the number of colon and rectum 
cancer cases increased from 2006 to 2016. There were 227 
cases (6%) of CC and 143 of RC (6%) reported in 2006 
(Figure 1C and D). The number of CC and RC cases are 

increased, demonstrating an increase of 6% in both cancers. 
The mean number and percentage of CC and RC among 
females was 336 and 200 cases (9.1% for both cancers) 
per year. The mean number and percentage of CC and RC 
cases reported, classified by age group, were calculated. The 
class width of the age groups was maintained at 5 years, 
starting from 0 to 4, till 70–74, and over 75 years of age. 
Females from 50 to 54 years of age group were the most 
frequently diagnosed with CC demonstrating 14% followed 
by 75 years and over, and 50–59 years of age groups, 
demonstrating 13% and 12% of the total number of CC 
cases, respectively. In RC, 50–54 years, 75 years and over, 
and 50–59 years of age groups females were the most fre-
quently diagnosed and representing 13% followed by 60–64 
years and 45–49 years of age groups of females represent 
12%. In contrast, the lowest mean number and percentage of 
CC and RC were documented in the younger groups aged 
0–19 years and 0–24 years, respectively (Figure 1C and D).

The mean age-specific incidence rate (AIR) of CC was 
the highest among females in the age group of 75 years 

Figure 2 (A) Overall age-specific incidence rate (AIR) of colon cancer cases per 100,000 between males and females during 2006 to 2016. (B) Overall age-specific incidence 
rate (AIR) of rectum cancer cases per 100,000 between males and females during 2006 to 2016.
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and over, followed by 70–74, 65–69, and 60–64; whereas 
in RC, it is highest in the age group of 75 and over, 
followed by 70–74, 65–69 and 60–64 (Figure 2A and B) 
(Supplementary Table 3. A).

The crude incidence rates (CIRs) of CC cases amongst 
females in Saudi Arabia, classified by the year of diagnosis 
from 2006 to 2016 per 100,000 females, direct to a stable 
increase from 2006 to 2016, whereas, the CIRs of RC show 
a steady increase with a slight decrease in 2008 and 2014 
(Figure 3A and B) (Supplementary Table 4. A, 4. B). The 
highest rate of CIR was reported in 2016 for CC and RC. 
The mean CIR among females from 2006 to 2016 of CC 
was 3.6 and of RC was 2.1.

Furthermore, the mean CIRs of CC and RC in females 
were categorized by the administrative regions of Saudi 
Arabia and were also reported from the SCR (Figure 4A 
and B). The regions of Riyadh had the highest mean CIRs 
for CC and RC at 4.8 and 2.9, respectively. Additionally, 
the second-highest CIRs were found in Eastern Province in 

CC and RC among females. We also performed the Kruskal– 
Wallis H-test on CIRs from all regions in females and is 
found statistically significant for these regions in comparison 
to remaining administrative regions. The chi-square values 
[χ2 (12, N=143), (P < 0.01)] were calculated for CC (χ2 = 
77.818) and RC (χ2 = 66.613). The lowest mean CIR was 
observed in Jazan for CC and RC (Figure 4A and B).

The ASIRs of CC and RC were reported from the SCR 
classified according to the year of diagnosis (Figure 5A 
and B). Overall, there was a small increase in the ASIRs in 
CC and RC. In 2013, the highest ASIR of CC was reported 
at 6.5, and the lowest was at 4.8 females in 2007. Whereas, 
2009, 2012, and 2013 were the years when the highest 
ASIR of RC was reported at 3.7 and the lowest ASIR of 
RC was reported in 2014 at 2.9. Furthermore, the mean 
ASIR of CC was at 5.6 and the mean ASIR of RC was at 
3.4 (Figure 5A and B).

The mean ASIRs classified by the administrative 
region of Saudi Arabia for CC and RC were calculated 

Figure 3 (A) Crude incidence rate (CIR) of colon cancer cases per 100,000 between males and females during 2006 to 2016. (B) Crude incidence rate (CIR) of rectum 
cancer cases per 100,000 between males and females during 2006 to 2016.
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(Figure 6A and B). The highest mean ASIR for CC was 
reported from the regions of Riyadh and Makkah at 8.4, 
followed by Eastern Province at 6.9. Similarly, the highest 
mean ASIR for RC was reported from the region of 
Riyadh, followed by Eastern Province. We also performed 
the Kruskal–Wallis H-test on ASIRs from all regions in 
females and is found statistically significant for these 
regions in comparison to remaining administrative regions. 
The chi-square values [χ2 (12, N=143), (P < 0.01)] were 
calculated for CC (χ2 = 88.428) and RC (χ2 = 58.506). 
Alternatively, the lowest mean ASIRs of CC and RC were 
documented in Jazan (Figure 6A and B) (Supplementary 
Table 6. A, 6. B).

The inclusive distribution of the percentage of a stage of 
colorectal cancer in females was also reported to know that in 
what stage the cancer was diagnosed more frequently among 

females. We found that colorectal cancer was diagnosed 
more frequently at the regional stage (37.8%), which was 
followed by a distant stage (28.1%) and localized stage 
(22%). It is also reported that colorectal cancer was diag-
nosed at an unknown stage in a lower percentage (12.1%) 
(Figure 7B) (Supplementary Table 7. B).

Discussion
In all the administrative regions of Saudi Arabia, the crude 
incidence rates (CIRs) and age-standardized incidence 
rates (ASIRs) of colorectal cancer (CRC) cases are needed 
to critically be examined, updated, and thoroughly studied 
for understanding the disease better among the Saudi 
population. In this retrospective and descriptive study, we 
analyzed the trends of the CIRs and ASIRs of colon and 
rectum cancer. This detailed epidemiological analysis of 

Figure 4 (A) Overall crude incidence rate (CIR) of colon cancer cases per 100,000 between males and females according to administrative regions during 2006 to 2016. (B) 
Overall crude incidence rate (CIR) of rectum cancer cases per 100,000 between males and females according to administrative regions during 2006 to 2016.
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the spatial/temporal distribution of colon and rectal cancer 
among males and females in different administrative 
regions of Saudi Arabia is considered to be the first 
study based on the PubMed database. This study inspects 
the trend, real situation of CC and RC in the country, and 
explores the importance of this disease in Saudi Arabia’s 
population.

A study was conducted showing that lifestyle factors 
such as physical inactivity, excess weight or obesity, and 
smoking causing a huge fraction of CRC cases among both 
genders in Saudi Arabia. Besides study also predicted that 
the cases would increase from 2025 to 2040 in a basic 
scenario of the constant prevalence of risk factors. 
However, a 5–10% reduction in the prevalence of each 
risk factor by every 5 years showed a decrease in the 
number of cases by 2040 among both genders.16 Here, we 
observed that the highest mean ASIRs for CRC among 
males as well as females, from 2006 to 2016, were reported 
in the regions of Riyadh, Makkah, and Eastern Province. 
The most probable explanation for these increase in ASIRs 

is that most of the population were greatly susceptible to the 
risk factors of CC and RC in comparison to other regions. 
Moreover, the effects of environmental factors, lifestyle 
changes, and genetic susceptibilities could be linked with 
this rise in ASIRs of CC and RC among males in Riyadh, 
Makkah, and Eastern Province. Therefore, there is a need 
for a detailed epidemiological investigation which will shed 
some light on major risk factors associated with the increase 
of ASIRs of CC and RC in the regions of Riyadh, Makkah, 
and Eastern Province. A possible reason for the high value 
of incidence rate could be the advanced healthcare facilities 
and accessibility. Other than this the probable causative 
factor to the increased incidence rate could be the presence 
of industries in these regions.17 Another possible reason 
that claimed to be a major risk factor is the deficiency of 
Vitamin D.18 It was reported that 83.6% of the Arabian 
population has Vit D deficiency.19 Besides 100% severe 
Vit D deficiency was observed in Saudi University 
students.20 We also observed that the Jazan region has the 
least mean ASIRs for CC and RC among males as well as 

Figure 5 (A) Age-standardized incidence rate (ASIR) of colon cancer cases per 100,000 between males and females during 2006 to 2016. (B) Age-standardized incidence 
rate (ASIR) of rectum cancer cases per 100,000 between males and females during 2006 to 2016.
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among females, from 2006 to 2016. This could be due to 
exposure to some protecting aspects of the region’s envir-
onment or other factors in comparison to regions with 
higher ASIRs. The probable reason could be the less indus-
trialization, less western lifestyle adaptation or westerniza-
tion, less healthcare facility and accessibility, less screening 
of CRC in these regions compared to high incidence 
regions. With a 35% prevalence of obesity, Riyadh showed 
a highly affected region in contrast to Jazan which is at 2%. 
Therefore, Riyadh showed significantly higher rates than 
other regions of Saudi Arabia.21 Analyzing these factors 
regarding CRC could be a key mechanism that could pro-
vide a better understanding of the disease as well as bene-
ficial in decreasing its burden.

We also observed significant changes in the crude 
incidence rates (CIRs) and age-standardized incidence 
rates (ASIRs) of the colon as well as rectum cancers in 
both males and females in different administrative regions 

of Saudi Arabia between 2006 and 2016 (Tables 3 and 4). 
The most significant changes were reported in the region 
of Eastern Province with the highest CIR (4.4) and ASIR 
(5.5) for colon cancer in males and in the region of Jouf 
with the highest CIR (2.7) and ASIR (4.6) for rectal cancer 
in females. The Northern region was reported to be highest 
in ASIRs for colon cancer in females and rectal cancer in 
males. The regions of Baha and Asir were reported to be 
highest in CIRs for colon cancer in females and rectal 
cancer in males, respectively. Likewise, the least signifi-
cant changes in CIRs were reported in the region of Jazan 
for colon cancer in males as well as in females and for 
rectal cancer in males, and the lowest increase in ASIR for 
colon cancer in females. The region of Makka is found to 
be with the least changes in ASIRs for rectal cancer in 
both males and females. Apart from these regions, Tabuk 
and Baha were reported with the least CIR for rectal 
cancer in females and ASIR for colon cancer in males, 

Figure 6 (A) Overall age-standardized incidence rate (ASIR) of colon cancer cases per 100,000 between males and females according to administrative regions during 2006 
to 2016. (B) Overall age-standardized incidence rate (ASIR) of rectum cancer cases per 100,000 between males and females according to administrative regions during 2006 
to 2016.
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respectively. These trends indicate only an increase in 
CIRs and ASIRs of both cancers and the regions of 
Eastern Province, Northern region and Jouf are the fron-
trunners in the most significant changes of CIRs and 
ASIRs for both cancers from 2006 to 2016. Apart from 
these increases, some regions are also reported with 
a decrease in CIRs and ASIRs from 2006 to 2016; and 
Madinah, Hail, and Nazran are the primary regions that 
have a decrease in CIRs and/or ASIRs in both cancers 
among males and females.

A meta-analysis study showed that 20% to 30% of CRC 
risk was reduced by regular physical activity or exercise.22 

Besides vitamins, folate, fiber diet aspirin, NSAIDs (non- 
steroidal anti-inflammatory drugs) supplementation showed 
avert in the CRC development.23,24 Along with making better 
and healthy lifestyle, disease awareness and knowledge,25,26 

reducing the age of CRC screening not only help in early 
diagnosis and prognosis but also reduces the incidence rate 
among the young population of Saudi Arabia under the age 
of 50 years which may burden the national healthcare system 
in the next decades.27–29 However, in the US by 2030 new 
cases were expected to increase among 20–49 years aged 

younger population.30 Recently a study shows that CRC is 
present in young women. Other than the threshold screening 
age, investment in healthcare systems, and cost-effective 
screening or treatment, the possible reason discussed was 
the lack of specialized care outside the major cities, lack of 
predictive diagnosis, and targeted anticipation.31 It is neces-
sary to develop regional and national policies, guidelines, 
and multi-level diagnoses that could help in the reduction in 
the rate of incidence, mortality, and morbidity of CRC.32

This study is step-in anticipation of explaining the trends 
of colorectal cancer in Saudi Arabia and its administrative 
regions between the years from 2006 to 2016. The global 
scenario of colorectal cancer is reported to GLOBOCAN 
2018, that the colon cancer is in fourth place and the rectum 
cancer is in eighth place in the world’s most incident cancers 
as reported.33 The highest incidence of colon cancer is 
reported from Southern Europe, followed by Australia/ 
New Zealand, and Northern Europe. Whereas, Eastern 
Europe reported the highest incidence for rectal cancer, 
followed by Australia/New Zealand, and Eastern Asia. 
Hungary has the highest incidence of colorectal cancer in 
males while Norway has it in females. The mortality rate of 
colorectal cancer has also been reported to be highest in 
Saudi Arabia, Oman, and UAE among males, and Algeria, 
Belarus, Japan, Spain, and Portugal among females.34

Conclusions
This study indicated an increase in crude incidence rates 
and age-standardized incidence rates of colorectal cancer 
in the population of Saudi Arabia. The highest mean 
ASIRs of the colon and rectal cancers were reported in 
the regions of Riyadh, Makka, and Eastern Province 
among males and females, whereas the lowest mean 
ASIRs were reported in the regions of Jazan and Najran. 
The mean ASIR sex ratio was reported to be less than 
twice in males than females in Saudi Arabia which repre-
sents that colorectal cancer is more frequent in males than 
females but at a lower level. More studies will be needed 
to discern the roles of prospective aspects of colorectal 
cancer in the population of Saudi Arabia, which also could 
provide a better understanding of the disease as well as 
advantageous in decreasing its burden.

Abbreviations
GI, gastrointestinal; CRC, colorectal cancer; CC, colon 
cancer; RC, rectum cancer; CIR, crude incidence rate; 
AIR, age-specific incidence rate; ASIR, age-standardized 
incidence rate; ASMR, age-standardized mortality rate.

Figure 7 (A) Overall percentage stage distribution of colorectal cancer in males 
during 2006 to 2016. (B) Overall percentage stage distribution of colorectal cancer 
in females during 2006 to 2016.
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