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Purpose: Over the last decades, the incidence of pancreatic cancer has increased, particu-
larly in countries with a higher socioeconomic status. The present work aimed to provide
detailed epidemiological data on the incidence of pancreatic cancer in Saudi Arabia.
Patients and Methods: In this retrospective descriptive study, the epidemiological data on
pancreatic cancer cases diagnosed in 13 administrative regions of Saudi Arabia between
January 2004 and December 2015 were extracted from the Saudi Cancer Registry. The
frequency, the crude incidence rate (CIR), and the age-standardized incidence rate (ASIR),
stratified by geographical region, gender, and the year of diagnosis, were analyzed.
Results: From January 2004 to December 2015, a total of 2338 cases of pancreatic cancer
were registered, including 1443 males and 895 females. The overall CIR was 1.28/100,000
among males and 0.80/100,000 in females, with an overall ASIR of 2.26 and 1.41/100,000
for males and females, respectively. Higher ASIR and CIR were observed among males than
females (ratio 1.6). In both genders, the ASIR of pancreatic cancer increased with increasing
age, with the highest incidence in patients aged 70 years or more. The ASIR in the Eastern
Region (3.2/100,000) and the regions of Riyadh (3.0/100,000) and Tabuk (2.6/100,000)
proved to be significantly higher than in the other regions of the country. Among women,
the ASIR was significantly higher in Riyadh (2.3/100,000), the northern region (2.2/
100,000), and Tabuk (2.0/100,000).

Conclusion: This study revealed a slight increase of the CIR and ASIR of pancreatic cancer
among males and females of the Saudi population. Eastern region, Riyadh, and Tabuk had
the highest overall ASIRs of pancreatic cancer among males, Riyadh, Northern region, and
Tabuk among Saudi females. The area least affected by pancreatic cancer was observed in
Jazan among male and female Saudis. The rates of pancreatic cancer in Saudi Arabia were
significantly higher among males compared with female Saudis. Further analytical studies
are needed to identify the potential risk factors for pancreatic cancer among the Saudi
population.
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Introduction

Pancreatic cancer is a notoriously aggressive tumor type that is associated with
a very poor prognosis. In fact, the 5-year overall survival rate for patients with
pancreatic cancer is very dismal at only about 6%." The main reason for this poor
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prognosis lies in the fact that pancreatic cancer is usually
diagnosed in an advanced stage, at which a curative treat-
ment approach is no longer feasible. This is amply illu-
strated by the fact that only about 20% of newly diagnosed
pancreatic cancer patients are able to undergo surgical
resection with curative intent.'> For these patients, the
survival prospects are somewhat better, with up to
a quarter of patients surviving beyond 5 years.” For
patients with unresectable pancreatic cancer, therapeutic
progress has been slow, with only marginal improvements
in 5-year overall survival rates over the last decades.

In 2018, pancreatic cancer ranked 14th in the list of
most frequently diagnosed cancers in the world but
proved to be the 7th most common cause of cancer-
related death.® Globally, the age-standardized incidence
rate (ASIR) for pancreatic cancer was reported at 4.8/
100,000 in 2018. Pancreatic cancer comes with a slight
male predominance, with a global ASIR of 5.5/100,000
and 4.8/100,000 for men and women, respectively.* In
addition, pancreatic cancer is primarily a disease of the
elderly. The incidence and mortality of pancreatic cancer
increase with age, with the vast majority (+90%) of
patients being diagnosed above the age of 55 and median
age at diagnosis of approximately 70 years.'* Over the
last decades, the incidence of pancreatic cancer has stea-
dily increased. In this respect, results from a global bur-
den of disease study focusing on pancreatic cancer
revealed that the global incidence of pancreatic cancer
increased with a factor of 2.3 from 1990 to 2017.°
Interestingly, across the different regions included in this
analysis, the increased incidence of pancreatic cancer was
found to be correlated with an increasing socioeconomic
status.’

A possible explanation for the higher incidence of
pancreatic cancer in countries with a higher income and
a better socioeconomic status could lie in the fact that
people can attain an older age, which increases their risk
of developing pancreatic cancer. Moreover, better access
to medical care and more systematic cancer registration in
these countries may also contribute to a higher reported
incidence. In addition to this, evolutions in lifestyle
choices, leading to higher exposure to risk factors, may
also play their part.®’®

The particularly high mortality of pancreatic cancer
represents an important challenge to the medical commu-
nity and underscores the need for a better insight into the
pathogenesis of this disease. Until now, there has not been
a detailed epidemiological analysis of pancreatic cancer in

Saudi Arabia. According to the 2018 GLOBOCAN data,
the burden of pancreatic cancer in the country is relatively
low, with an incidence of 2.2/100,000 (ASIR: 2.7/100,000
in males and 1.6/100,000 for females) and the annual
standardized rate for mortality of 1.6/100,000.> The aim
of this study was to provide a detailed overview of the
epidemiology of pancreatic cancer in Saudi Arabia. We
evaluated the incidence of pancreatic cancer in men and
women, looked into potential regional differences, and
analyzed temporal changes in the pancreatic cancer inci-
dence over the last decade. To this end, an analysis was
performed of all pancreatic cancer cases that were regis-
tered by the Saudi Cancer Registry between January 2004
and December 2015.

Patients and Methods

We conducted a retrospective, descriptive epidemiological
study of all pancreatic cancer cases diagnosed in Saudi
Arabia between January 2004 and December 2015. These
data are publicly available and easily accessible through
the reports of the Saudi Cancer Registry; as such, no
ethical approval was required for this descriptive epide-
study. The Saudi
a population-based registry established by the Saudi
Ministry of Health in 1994 with an aim to define trends
in the incidence and prevalence of different cancer types in

miological Cancer Registry is

Saudi Arabia. It provides statistics on cancer incidence
that can be used for planning and effective measurement
on early detection and management of cancer. The most
recent available dataset from the Saudi Cancer Registry
covers through 2015. This study, therefore, explores the
epidemiological pattern of pancreatic cancer in Saudi
Arabia from 2004 to 2015. Overall, comprehensive reports
exist for 13 administrative regions in Saudi Arabia, pro-
viding the frequency with percentage of cases, the crude
incidence rate (CIR), and the ASIR, stratified by the
regions of Saudi Arabia, gender of patients, and years of
diagnoses. For this analysis, the CIR was defined as the
number of new pancreatic cancer cases occurring in
a specific population over a one year period. These crude
rates do not take into account variations in age structures
from different populations, hampering the comparison of
different epidemiological datasets. This is of particular
importance in the context of cancer, given the fact that
age is a key determinant for the risk of developing cancer.
To overcome this, epidemiological studies usually correct
for different age structures and use ASIRs as a measure for
incidence. This ASIR indicates the incidence rate in
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a specific period, which would be expected in the consid-
ered population if the age structure would be similar to
that of a predefined standard population. The use of ASIRs
allows comparisons of cancer risk between registries, inde-
pendent of varying age distributions.

Data were analyzed using the Statistical Package for
the Social (SPSS) wversion 20.0 (IBM
Corporation, Armonk, NY, USA). The descriptive analysis

Sciences

of the epidemiological data was performed by calculating
the overall percentage, the age-specific incidence rate, the
CIR, and the ASIR stratified by gender, region, and year of
diagnosis.

The differences in the CIR and ASIR between the year
2004 and the year 2015 were calculated from the reports
published by the Saudi Cancer Registry to investigate the
pattern of pancreatic cancer among male and female Saudis
in different regions. The independent sample #-test was used
to compare the CIR and ASIR of pancreatic cancer among
male and female Saudis, where the units of analyses were
CIRs and ASIRs for the 12 years. Furthermore, an analysis of
variance test (ANOVA) was used to compare the CIR and
ASIR of pancreatic cancer among the different geographical
regions in Saudi Arabia. ANOVA test is usually used to
compare the means of one independent qualitative variable
with one dependent continuous variable. The independent
variable should have more than two subgroups. The most
important assumptions for conducting the ANOVA test are
that the comparison groups must be independent, the depen-
dent variable must be on continuous scale and normally
distributed, and homogeneity of variance that can be deter-
mined by conducting Levene’s test. It is impossible to iden-
tify from the F-ratio which means differ significantly from
other means in the AVOVA test; therefore, the post hoc test
should be conducted. However, the post hoc test and
Bonferroni correction procedure were used for comparison
the specific differences of the CIR and ASIR of pancreatic
cancer in different geographical regions of Saudi Arabia.

Results

Pancreatic Cancer in Saudi Males

Total Cases in Saudi Males

Of the 2338 pancreatic cancer cases registered in Saudi
Arabia between January 2004 and December 2015, 1443
were male. Over the 12-year period included in this ana-
lysis, a slight increase in the yearly frequency of pancrea-
tic cancer cases was noticed; in 2004, a total of 71 cases
were recorded, accounting for 4.9% of the total amount of

pancreatic cancer patients. By 2007, this increased to 127
cases, representing a 3.9% increase. In the year 2008, this
figure dropped to 100, after which we observed a steady
increase to 175 cases in 2014 (12.1% of all pancreatic
cancer cases in the Saudi Cancer registry). On average,
the yearly number of male pancreatic cancer patients over
the 12-year period was 120 (Figure 1A).

When stratifying the number of pancreatic cancer patients
by age groups, with a class width of 5 years, it becomes clear
that the highest number of cases occurred in patients aged 75
years or more (N= 296, 20.5% of all male pancreatic cancer
patients). In this age group, the yearly number of pancreatic
cancer cases was 25. Overall, almost three-quarters (74.3%) of
diagnoses were made in men aged 55 years or more. The
overall ASIR from 2004 to 2015 was highest among Saudi
males in the age groups >75, 7074, 65-69, and 60—64 years at
19.8,17.6, 14.4, and 9.9 per 100,000, respectively (Figure 1A).
Interestingly, the ASIR male-to-female ratio gradually
increased with increasing age, from 1.5 in the age group of
35 to 39 years to 1.9 among patients aged 75 years or above

(Figure 2).

CIR in Saudi Males

An analysis of the yearly CIR of pancreatic cancer per 100,000
males indicates a slight increase from 2004 to 2015. In 2004,
the CIR was reported at 0.9, increasing to 1.4 in 2007. In 2008,
the CIR decreased again to 1.1, after which the CIR gradually
increased to 1.7 in 2014. Over the entire study period, the
mean CIR of pancreatic cancer was 1.28 per 100,000 males
(95% confidence interval [CI]: 1.13—1.43). When comparing
the CIR of pancreatic cancer among Saudi males and females,
an independent sample #-test indicated that the CIR was sig-
nificantly higher among males than females (p< 0.001).
Opverall, the CIR male-to-female ratio from 2004 to 2015 per
100,000 males was 1.6 (Figure 3).

The pancreatic cancer CIR among males varied substan-
tially between the different regions in Saudi Arabia. From
2004 to 2015, the highest overall CIR was reported in Riyadh
(1.5/100,000), Makkah (1.5/100,000), and in the Eastern
Region of the Kingdom (1.5/100,000). An analysis of var-
iance (ANOVA) proved to be statistically significant for
these regions compared with other parts of Saudi Arabia (F
[12,143]=3.718, p<0.001). The regions with the lowest over-
all CIR were Jizan and Baha 0.5/100,000 and 0.7/100,000,
respectively. The CIR male-to-female ratio per region ranged
between 1.0 and 2.0, with the exception of the Qassim region,
where the male predominance was pronounced, resulting in
a CIR male-to-female ratio of 3.3 (Figure 4).
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Total Number and Percentage of Pancreatic Cancer Cases by Age Group (Male)
Year of Diagnosis | 0-4 | 5-9 |10--14|15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69 | 70-74 | 275 | AllAges | %
2004 0 0 0 0 0 1 2 3 3 5 5 7 12 15 8 10 71 4.9
2005 0 1 0 0 0 0 1 2 4 8 2 15 8 12 12 17 82 5.7
2006 0 0 0 0 0 2 1 2 5 4 10 8 13 21 18 9 93 6.4
2007 0 1 0 1 1 1 2 3 4 8 12 14 21 16 22 21 127 8.8
2008 0 0 0 0 1 1 3 2 8 7 10 7 17 12 12 20 100 6.9
2009 0 0 0 0 0 0 1 6 7 6 10 10 17 17 10 33 117 8.1
2010 0 0 0 0 1 0 3 2 7 5 16 6 18 13 19 24 114 78
2011 0 0 0 0 0 0 0 3 8 10 10 18 16 16 18 29 128 8.9
2012 0 0 1 0 0 3 2 8 5 11 17 20 23 13 19 33 155 10.7
2013 0 0 0 0 0 0 0 2 5 7 8 17 16 22 17 36 130 9.0
2014 0 0 0 0 0 0 5 7 4 12 25 25 23 22 17 35 175 12.1
2015 0 0 0 0 0 2 1 1 8 9 8 36 19 18 20 29 151 10.5
Total [ 2 1 1 3 10 21 41 68 92 133 | 183 | 203 | 197 | 192 | 296 1443 100
Overall 0 0 0 0 0 1 2 3 6 8 11 15 17 16 16 25 120 8.3
% [ 0.1 0.1 0.1 0.2 0.7 1.5 2.8 4.7 6.4 9.2 | 127 | 141 | 13.7 | 133 | 20.5 100
| Total ber and P ge of P: ic Cancer Cases by Age Group from 2004 to 2015 (Male) |
X
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8
3
s
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£
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Figure | Continue.
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Total Number and Percentage of Pancreatic Cancer Cases by Age Group (Female)
Year of Diagnosis | 0-4 | 5-9 |10--14|15-19 | 20-24 | 25-29 | 30-34 | 35-39 | 40-44 | 45-49 | 50-54 | 55-59 | 60-64 | 65-69 | 70-74 | 275 | AllAges | %
2004 0 0 0 0 0 0 0 0 1 2 5 1 7 2 6 4 28 3.1
2005 0 0 0 0 0 0 0 1 3 2 5 5 8 3 14 8 49 5.5
2006 0 0 0 0 0 2 0 2 6 5 11 3 9 11 13 11 73 8.2
2007 0 0 0 0 0 0 0 1 2 3 7 3 10 8 6 11 51 5.7
2008 0 0 0 0 0 0 1 2 5 5 6 10 12 15 4 7 67 7.5
2009 1 0 0 0 il 0 1 2 8 6 5 8 11 6 18 15 82 9.2
2010 0 1 0 1 il 1 0 3 3 4 8 10 6 15 15 13 81 9.1
2011 0 0 0 1 0 0 0 2 4 5 10 12 6 11 12 14 77 8.6
2012 0 1 0 0 0 2 2 2 1 5 7 12 11 10 9 25 87 9.7
2013 0 1 1 0 1 2 2 4 1 11 8 15 13 12 13 19 103 11.5
2014 0 0 0 0 0 0 2 5 3 10 6 16 13 13 15 19 102 114
2015 0 0 0 0 0 2 1 3 5 10 10 16 12 17 10 9 95 10.6
Total 1 3 1 2 3 9 9 27 42 68 88 111 | 118 | 123 | 135 | 155 895 100
Overall 0 0 0 0 0 1 1 2 4 6 7 9 10 10 11 13 75 8.3
% 0.1 0.3 0.1 0.2 0.3 1 1 3 4.7 7.6 9.8 | 124 | 13.2 | 13.7 | 151 | 173 100
| Total number and Percentage of Pancreatic Cancer Cases by Age Group from 2004 to 2015 (Female)|
180
« 160
% 140
2 120
o
% 100
5 20
5 60
g 40 27
= % [(tloal 30al 1oa]” zoa[ ses] gu gl [
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Figure | (A) The total number and percentage of pancreatic cancer cases among male Saudis, with delta values from 2004 to 2015. (B) The total number and percentage of
pancreatic cancer cases among female Saudis, with delta values from 2004 to 2015.
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Overall Age Specific Incidence Rate of Pancreatic Cancer from 2004 to 2015 Per 100,000 Population
Male / Female | Female / Male =
Age Group Male | Female | Difference | Z-Score | P-value | AIR Sex Ratio AIR Sex Ratio

04 0 [ 0 [ 1.0 0.0 0.0 b

5-9 0 0 0 0 1.0 0.0 0.0
10-14 0 0 0 0 1.0 0.0 0.0 15
15-19 0 0 0 0 1.0 0.0 0.0
20-24 0 0 0 0 1.0 0.0 0.0 /\
25-29 0.1 0.1 0 0 1.0 0.0 0.0 2o
30-34 0.3 0.1 0.2 0.32 0.74 3.0 0.3 //
35-39 0.6 0.4 0.2 0.20 0.84 1.5 0.7 s
40-44 1.1 0.8 0.3 0.22 0.82 1.4 0.7
45-49 1.9 1.4 0.5 0.28 0.77 1.4 0.7
50-54 3.9 2.5 1.4 0.55 0.58 1.6 0.6 g
55-59 64 | 39 25 078 | 038 16 06 & LS »&'@ '9:\? 'é’:v“' ’,Pa“ g‘;? @’P & cpsv‘é,b" @b“ & 4°:\" 49
60-64 9.9 5.9 4.0 1.0 0.31 i 0.6 v
65-69 14.4 8.6 5.8 121 0.22 1.7 0.6
7074 176 | 124 5.2 095 | 034 14 0.7

275 19.8 | 107 9.1 1.65 0.09 1.9 0.5 ——Male ——Female

Figure 2 Overall incidence rate (age-specific) of pancreatic cancer cases among both Saudi genders.

Crude Incidence Rate of Pancreatic Cancer per 100,000 Male / Female | Female / Male | '
Year Male Female | Difference | Z-Score | P-value | CIR Sex Ratio | CIR Sex Ratio | 1.6 /\ / \
2004 0.9 0.3 0.6 0.55 0.58 3.0 03 an
2005 1.0 0.6 0.4 032 | o074 17 0.6 /\ /\/ \V4
2006 11 0.8 0.3 0.22 0.82 14 0.7 12
2007 14 0.6 0.8 0.57 0.56 23 0.4 / \/ /\
2008 11 0.7 0.4 0.30 0.76 1.6 0.6 a / /\/
2009 13 0.9 0.4 0.27 0.78 14 0.7 o
2010 5 0.9 0.3 021 | 083 13 0.8 /\/
2011 13 0.8 0.5 0.35 0.72 1.6 0.6 0.6
2012 1.6 0.9 0.7 0.44 0.65 1.8 0.6
2013 13 1.0 0.3 020 | 0.84 13 0.8 “ 7
2014 1.7 11 0.6 0.36 0.71 15 0.6 09
2015 15 1.0 0.5 0.32 0.75 15 0.7
Mean 1.28 0.80 0.48 0.33 0.74 1.6 0.6 0
Median 1.30 0.85 0.45 031 0.75 15 0.7 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
SD 0.24 0.22 0.02 0.03 0.97 1.1 0.9
95 % Cl: Mean | 1.13-1.43 | 0.65-0.94 ——Male ——Female
Figure 3 CIR of pancreatic cancer cases among both Saudi genders.
Overall Curde Incidence Rate of Pancreatic Cancer from 2004 to 2015 Per 100,000 Population .6
Male / Female | Female /Male ||, , /_\ /\
Regions Male 95% Cl P-value | Female 95% Cl P-value | CIR Sex Ratio CIR Sex Ratio e / \ / \
Asir 1 -0.76 t0 0.16 0.20 0.7 -0.31t0 0.46 0.70 14 0.7 / [\ \ /\ / \
Baha 07 | -016t0076 | 020 07 |-046t0031| 0.70 10 10 - \ /\/ / \/ N/
Jazan 0.5 0.01t00.94 0.04 03 -0.01t00.75 0.06 1.7 0.6 0.8
Madinah 1 -0.54t00.38 0.72 0.6 -0.27 to 0.49 0.50 1.7 0.6 0.6 \// /
Hail 0.8 -0.25t0 0.67 037 0.4 -0.16 to 0.61 0.25 2.0 0.5 \ /
Qassim 1 | -050t00.42 | 085 03 |-001t00.76| 0.06 33 03 ¢ \V4 ~
Riyadh 15 -0.99 to -0.06 0.03 11 -0.86t0-0.09| 0.02 14 0.7 0.2
Makkah 15 -0.99 to -0.06 0.03 0.8 -0.51t00.26 0.52 1.9 0.5 0.0
Najran 08 | -0.28t00.64 0.43 0.7 |-044t0032| 0.76 1.1 0.9 K @ e oA X & & N o o
Jouf 11 | -0.59t0033 | 057 0.8 |-047t00.29| 0.64 14 0.7 ¥ & \"’1? o’}& N d’é’@‘ls\obéﬁ w\"\o ¥ «'\’6) £ %"‘}o
Tabuk 0.9 -0.44t0 0.48 0.94 0.9 -0.61t00.15 0.23 1.0 1.0 & ‘;}3' {&éo
Eastern Region 15 -0.98 to -0.52 0.03 0.9 -0.63t0 0.13 0.20 1.7 0.6 “o
Northern Region 1 -0.53t00.38 0.75 0.9 -0.58t0 0.18 0.30 1.1 0.9 [ ==Male —Female|

Note 1: Values in yellow colour denote for CIR of PC in male Saudis, Riyadh, Eastern region, and Makkah were significantly higher than othor regions of Saudi Arabia, P-value < 0.05.

Note 2: Values in green colour denote for CIR of PC in female Saudis, Riyadh was significantly higher than other regions of Saudi Arabia, P-value <0.05.

Figure 4 Overall CIR of pancreatic cancer cases among both Saudi genders by region.
Notes: Values in yellow colour denote for CIR of PC in male Saudis, Riyadh, Eastern region, and Makkah were significantly higher than other regions of Saudi Arabia, P-value
<0.05. Values in green colour denote for CIR of PC in female Saudis, Riyadh was significantly higher than other regions of Saudi Arabia, P-value <0.05.
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ASIR in Saudi Males

Over the 12-year period studied in this analysis, the
ASIR for pancreatic cancer among Saudi males was
2.26 (95% CI: 2.1-2.4). Over this period, the highest
ASIR among males was reported in 2007 (2.7) and
2012 (2.6), with the lowest ASIR in the years 2004
(1.7) and 2005 (1.9). The results of the two indepen-
dent sample t-tests indicated that the ASIR of pancrea-
tic cancer was significantly higher among Saudi males
than females (1[22]=6.898, p< 0.001). Overall, ASIR
male-to-female ratio from 2004 to 2015 per 100,000
was 1.6 (Figure 5).

Looking at the male ASIR for pancreatic cancer in func-
tion of the geographical region indicated the highest overall
ASIR in the Eastern Region (3.2/100,000), Riyadh (3.0/
100,000), and Tabuk (2.6/100,000). A subsequent ANOVA
analysis revealed that this ASIR in these regions was statisti-
cally higher compared to other parts of the country (F[12,143]
=5.534, p< 0.001). The lowest incidence among males was
seen in Baha, Jizan, and Hail, each with an ASIR of 0.9/
100,000. The ASIR male-to-female ratio ranged between 1.0
and 1.8 across all the geographical regions, except for Qassim,
where this ratio was much higher at 4 (Figure 6).

Looking at the evolution of the ASIR from 2004 to
2015 indicated that the incidence increased most in the
northern region (0.0/100,000 to 3.3/100,000) and in
Tabuk (0.0/100,000 to 3.1/100,000), but not statisti-
cally significant p>0.05. In contrast, the biggest
decrease in the male pancreatic cancer ASIR was
seen in Hail, where the ASIR decreased from 2.2/
100,000 in 2004 to 1.2/100,000 in 2015, but not statis-
tically significant p>0.05 (Figure 7).

Pancreatic Cancer in Saudi Females

Total Cases in Saudi Females

In total, 895 women were diagnosed with pancreatic can-
cer in Saudi Arabia between January 2004 and
December 2015. Similar to what was seen among males,
the number of new cases per year gradually increased over
the study period; in 2004, only 28 cases were registered
(3.1% of the total number of female pancreatic cancer
cases), increasing to 82 cases in 2009 and 102 (11.4%)
in 2014. Over the entire period, the average number of
pancreatic cancer cases per year was 75. As in the male
cohort, most pancreatic cancer cases were seen in women
aged 75 years or more (N=155; 17.3%). Overall, women
aged >55 years accounted for 71.7% of all pancreatic
cancer (Figure 1B). The overall ASIR from 2004 to 2015
was highest among Saudi females in the age groups 70-74,
>75, 65-69, and 60-64 years at 12.4, 10.7, 8.6, and 5.9 per

100,000, respectively (Figure 2).

CIR in Saudi Females

The CIR of pancreatic cancer among Saudi females was
0.3/100,000 in 2014, doubling to 0.6/100,000 in 2005.
From 2009 onwards, the CIR remained relatively stable
and ranged between 0.9 and 1.1/100,000. On average, the
CIR in females over the entire study period was reported at
0.80 (95% CI: 0.65-0.94) (Figure 3). Looking at the over-
all CIR in function of the geographical region showed that
the pancreatic cancer CIR among Saudi women was high-
est in the region Riyadh, where the CIR of 1.1/100,000
proved to be significantly higher than the CIR in the other
regions (ANOVA tested, F[12,143]=3.284, p< 0.001). The
lowest CIR among females was seen for the regions of

Age Standardized Incidence Rate of Pancreatic Cancer per 100,000 Male / Female | Female / Male | 3°
Year Male Female | Difference | Z-Score | P-value | ASIR Sex Ratio | ASIR Sex Ratio /\ A
25
2004 1.7 0.7 1.0 0.65 0.51 24 0.4 \/\
2005 1.9 1.2 0.7 0.40 0.68 1.6 0.6 / \/\/
2006 2.4 1.8 0.6 0.29 0.77 13 0.8 20
2007 2.7 11 1.6 0.82 0.41 25 0.4 /
2008 2.0 14 0.6 0.33 0.74 14 0.7 . \ T~
2009 23 1.7 0.6 0.30 0.76 14 0.7
2010 2.2 1.6 0.6 0.31 0.75 14 0.7 \/
2011 2.3 14 0.9 0.47 0.63 1.6 0.6 10
2012 2.6 1.5 11 0.54 0.58 1.7 0.6
2013 2.2 1.7 0.5 0.25 0.80 13 0.8 05
2014 25 15 1.0 0.50 0.61 1.7 0.6
2015 2.2 14 0.8 0.42 0.67 1.6 0.6
Mean 2.26 141 0.85 0.44 0.65 1.6 0.6 0.0
Median 2.25 145 0.80 042 067 16 06 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
SD 0.28 0.30 -0.02 -0.03 0.97 0.9 1.1
95%Cl:Mean | 2.1-2.4 |1.22-1.60 ——Male —Female

Figure 5 The ASIR of pancreatic cancer cases among both Saudi genders.
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Overall Age Standrardized Incidence Rate of Pancreatic Cancer from 2004 to 2015 Per 100,000 Population
Male / Female | Female / Male 2
Regions Male 95% CI P-value | Female 95% CI P-value | CIR Sex Ratio CIR Sex Ratio [0 /\ /A
Asir 14 -1.35 to 0.50 0.36 1.0 -0.31to 0.46 0.98 14 0.7 25
Baha 09 | -050t0135 | 036 09 |-046t00.31| 0.98 1.0 1.0 bo / A \ / )(
Jazan 0.9 -0.45 to 1.40 031 0.5 -0.01t0 0.75 0.24 1.8 0.6 A / / \ \/
Madinah 1.7 -1.29 to 0.56 0.43 1.0 -0.27 to 0.49 0.98 1.7 0.6 =
Hail 0.9 -0.43to0 1.43 0.29 0.6 -0.16 to 0.61 034 1.5 0.7 1.0 \ / \V/ / v
Qassim 1.6 -1.16 to 0.69 0.62 0.4 -0.01t0 0.76 0.15 4.0 03 —\\v\ /
Riyadh 3.0 -2.57t0-0.71 0.03 23 -2.08 to -0.58| 0.001 13 0.8 o =~
Makkah 24 -1.97 to -0.11 0.03 13 -0.51t0 0.26 0.38 1.8 0.5 0.0
Najran 1.5 | -111t00.74 | 068 1.2 |-044t0032| 057 13 0.8 \,9\‘ Q,;e" @‘f \(@“ Q@\\ 4‘,\4‘ A’S“ ‘,_‘:3“ 'O\@“ < $ 9,& Q\,o“ Q}o“
Jouf 23 | 18410001 | 0.06 15 |-047t0029| 015 15 0.7 v ‘g@b & & @ X s 683' “33'
Tabuk 26 |-215t0-029 | 001 | 20 |-061t00.15| 0.005 13 08 *f:"&&
Eastern Region 3.2 -2.76 t0 -0.90 0.001 1.9 -0.63 t0 0.13 0.16 1.7 0.6
Northern Region 21 -1.70 to 0.15 0.10 22 -0.58t00.18 | 0.001 1.0 1.0 ——Male *‘Fﬂm'|°|

Note 1: Values in yellow colour denote for ASIR of PC in male Saudis, Riyadh, Eastern region, Tabuk, and Makkah were significantly higher than othor regions of Saudi Arabia, P-value < 0.05.

Note 2: Values in green colour denote for ASIR of PC in female Saudis, Riyadh, Northern region, and Tabuk were significantly higher than other regions of Saudi Arabia, P-value <0.05.

Figure 6 Overall ASIR of pancreatic cancer cases among both Saudi genders by region.

Notes: Values in yellow colour denote for ASIR of PC in male Saudis, Riyadh, Eastern region, Tabuk, and Makkah were significantly higher than other regions of Saudi Arabia,
P-value <0.05. Values in green colour denote for ASIR of PC in female Saudis, Riyadh, Northern region, and Tabuk were significantly higher than other regions of Saudi
Arabia, P-value <0.05.

The differences in the CIR and ASIR between the year 2004 and the year 2015
Region Sex 2004 | 2015 | Difference | Z-Score | P-value Region Sex 2004 | 2015 |Difference | Z-Score | P-value
CIR 0.6 1.0 0.4 0.32 0.74 CIR 0.9 1.7 0.8 0.5 0.61
Male Male
q ASIR | 1.1 0.9 -0.2 -0.14 0.88 . ASIR | 2.2 2.8 0.6 0.27 0.78
Asir Riyadh
CIR 0.3 0.3 0.0 0.0 1.0 CIR 0.7 1.6 0.9 0.59 0.55
Female Female
ASIR | 0.3 0.4 0.1 0.12 0.90 ASIR | 1.7 2.7 1.0 0.48 0.63
CIR 0.7 0.0 -0.7 -0.84 0.40 CIR 1.4 15 0.1 0.06 0.95
Male Male
ASIR | 0.9 0.0 -0.9 -0.95 0.34 ASIR | 2.5 1.9 -0.6 -0.29 0.77
Baha Makkah
T CIR 0.6 0.5 -0.1 -0.1 0.92 i CIR 0.4 a2 0.8 0.63 0.52
ASIR | 0.7 0.6 -0.1 -0.09 0.99 ASIR | 0.8 1.6 0.8 0.52 0.60
CIR 0.2 0.8 0.6 0.6 0.54 CIR 0.6 0.9 0.3 0.24 0.81
Male Male
ASIR | 2.0 1.1 -0.9 -0.51 0.61 . ASIR | 1.7 1.6 -0.1 -0.06 0.95
Jazan Najran
CIR 0.0 0.5 0.5 0.71 0.47 CIR 0.0 1.4 1.4 1.18 0.23
Female Female
ASIR | 0.0 0.6 0.6 0.77 0.44 ASIR | 0.0 1.8 1.8 1.34 0.18
CIR 0.4 0.9 0.5 0.44 0.65 CIR 13 2] 1.4 0.7 0.48
Male Male
A ASIR | 0.5 1.3 0.8 0.6 0.54 ASIR | 3.4 4.7 1.3 0.46 0.64
Madinah Jouf
o CIR 0.0 0.2 0.2 0.45 0.65 o CIR 0.0 0.0 0.0 0.0 1.0
ASIR 0.0 0.3 0.3 0.55 0.58 ASIR 0.0 0.0 0.0 0.0 1.0
CIR 1.8 0.8 -1.0 -0.62 0.53 CIR 0.0 1.7 1.7 1.30 0.19
Male Male
Hail ASIR | 2.2 1.2 -1.0 -0.54 0.58 Tabuk ASIR | 0.0 3.1 3.1 1.76 0.07
CIR 0.0 0.4 0.4 0.63 0.53 CIR 0.3 1.8 1.5 1.04 0.29
Female Female
ASIR | 0.0 0.5 0.5 0.71 0.47 ASIR | 0.9 225, 1.6 0.87 0.38
Male CIR 0.7 0.4 -0.3 -0.29 0.77 Male CIR 0.8 23 1.5 0.85 0.39
ol ASIR | 0.3 0.5 0.2 0.22 0.82 Eastern ASIR | 1.9 8I9) 2.0 0.83 0.40
CIR 0.0 0.4 0.4 0.63 0.53 Region CIR 0.3 0.9 0.6 0.55 0.58
Female Female
ASIR | 0.0 0.5 0.5 0.71 0.47 ASIR | 0.7 1.4 0.7 0.48 0.63
Male CIR 0.0 250 2.1 1.45 0.14
Northern ASIR | 0.0 33 33 1.82 0.06
Region Female CIR 0.3 0.7 0.4 0.4 0.68
ASIR | 0.9 0.9 0.0 0.0 1.0

Note 1: Values in bold denote the differences in the CIRs and ASIRs of pancreatic cancer cases between 2004 and 2015 in different regions of Saudi Arabia.

Note 2: P-values > 0.05 denote there are no significant differences in the CIRs and ASIRs of pancreatic cancer cases between 2004 and 2015 in different regions of Saudi Arabia.

Figure 7 The differences in the CIR and ASIR of pancreatic cancer in Saudi Arabia.
Notes: Values in bold denote the differences in the CIRs and ASIRs of pancreatic cancer cases between 2004 and 2015 in different regions of Saudi Arabia. P-values >0.05
denote there are no significant differences in the CIRs and ASIRs of pancreatic cancer cases between 2004 and 2015 in different regions of Saudi Arabia.
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Jizan and Qassim, each with a CIR of 0.3/100,000, and
Hail, where the CIR was 0.4/100,000 (Figure 4).

ASIR in Saudi Females

Overall, the ASIR of pancreatic cancer among Saudi
women was 1.41/100,000 (95% CI: 1.22-1.60). The
lowest ASIR was seen in 2004 at 0.7/100,000. This
rapidly increased to 1.2/100,000 in 2005 to peak at
1.8/100,000 in the year 2006. In 2007, the ASIR
among females dropped back to 1.1/100,000, after
which it remained relatively stable between 1.4/
100,000 and 1.7/100,000 from 2008 to 2015 (Figure 5).

The regions with the highest overall ASIR for pancrea-
tic cancer in females were Riyadh, the northern region of
Saudi Arabia, and the Tabuk region with an ASIR of 2.3,
2.2, and 2.0 per 100,000, respectively. The ANOVA
proved to be statistically significant for these regions
compared with other parts of Saudi Arabia (F[12,143]
=5.784, p< 0.001). The lowest overall ASIR among
females was seen in the regions of Qassim, Jizan, and
Hail, where the overall ASIR was reported at 0.4, 0.5,
and 0.6 per 100,000, respectively (Figure 6).

The most significant temporal changes over the 12-year
study period in women were seen in the region of Najran,
where the ASIR increased from 0.0/100,000 in 2004 to
1.8/100,000 in 2015, and in the region of Tabuk, where the
ASIR increased from 0.9 to 2.5/100,000 over the study
period, but not statistically significant p>0.05. In the other
regions, the incidence of pancreatic cancer in females was
fairly similar in 2004 and 2015 (Figure 7).

Summary of Saudi Data and

Comparison with Worldwide Data

The overall epidemiological analysis on the incidence of
pancreatic cancer in Saudi Arabia and the gender, age,
geographical, and temporal distributions are summarized
in Figure 8. These can be compared to the worldwide
ASIR as shown in Figure 9 and the age-standardized
mortality rate (ASMR) as shown in Figure 10. In 2018,
the International Agency for Research on Cancer
(IARC) estimated that the ASIR for pancreatic cancer
in Saudi Arabia among both sexes of all ages was
2.2 per 100,000 individuals (Figure 9). Based on the
published data from the GLOBOCAN, compared to the
global ASMR of pancreatic cancer, the mortality of
pancreatic cancer in Saudi Arabia is low at only 2.2/
100,000. This is also lower than found in most neigh-
boring countries. The highest ASMR for pancreatic

The incidence of pancreatic cancer in Saudi
Arabia is comparatively low
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Figure 8 Summary results of pancreatic cancer in Saudi Arabia.

cancer in the region was reported in Israel (7.8/
100,000), followed by the United Arab Emirates (4.4/
100,000), Lebanon (3.7/100,000), Jordan (3.7/100,000),
Kuwait (3.7/100,000), Syria (3.3/100,000), and Oman
(3.0/100,000).
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Figure 9 ASIR of pancreatic cancer (world) in 2018, all ages, both genders.
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Figure 10 ASMR of pancreatic cancer (world) in 2018, all ages, both genders.

Discussion
Pancreatic cancer remains a devastating cancer type with
a poor prognosis. A required initial analysis that may lead
to improved care for patients with pancreatic cancer consists
of a thorough understanding of the epidemiological data. In
this respect, this study provides the first detailed epidemiolo-
gical analysis on the incidence of pancreatic cancer in Saudi
Arabia and gives insights into the gender, age, geographical,
and temporal distributions of this cancer type in the Kingdom.
From January 2004 to December 2015, a total of 2338
cases of pancreatic cancer were registered, consisting of
1443 male and 895 female patients. The CIR of pancreatic

cancer was 1.28/100,000 among males and 0.80/100,000 in
females, with an ASIR of 2.26 and 1.41/100,000 for males
and females, respectively. As such, this analysis confirmed
the male predominance of pancreatic cancer with a higher
ASIR and CIR among males than females, with a male-to-
female ratio of 1.6 for both the ASIR and the CIR. However,
the exact reasons for this male predominance are largely
unclear. With the available data, it is difficult to say whether
women are actually less prone to developing pancreatic
cancer or whether a different exposure to risk factors for
pancreatic cancer explains this gender difference. In 2018,
the International Agency for Research on Cancer (IARC)
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estimated that the ASIR for pancreatic cancer in Saudi
Arabia among both sexes of all ages was 2.2 per 100,000
individuals.* Also, in this dataset, the male predominance of
pancreatic cancer was observed with an ASIR of 2.7/100,000
in males and 1.6/100,000 in females. As such, these
GLOBOCAN figures are slightly higher than the ASIR
extracted from the Saudi Cancer Registry (2.26/100,000
and 1.41/100,000 for males and females, respectively).

Both in males and females, the age-specific incidence
rate of pancreatic cancer increased with increasing age,
with the highest incidence in patients aged 70 years or
more. This result is similar to worldwide data that identi-
fies the median age of patients with pancreatic cancer as
70 years. Early onset pancreatic cancer is considered when
patients are younger than 50 years and this occurs in
around 10% of cases worldwide.” It is important to con-
sider patients with early onset pancreatic cancer, as they
may be able to undergo more intensive therapy due to their
better overall health.’

Overall, the incidence of pancreatic cancer in Saudi
Arabia is low compared to the global incidence of this
cancer type. In fact, GLOBOCAN data for 2018 indicate
a yearly ASIR for pancreatic cancer of 5.5/100,000 among
males and of 4.8/100,000 in females. Looking at the inci-
dence of pancreatic cancer in 2018 on a global level
confirms the fact that pancreatic cancer is more frequently
seen in higher-income regions. In fact, according to
GLOBOCAN data, the highest pancreatic cancer incidence
in 2018 was reported in Europe and North America, with
an ASIR of 7.7 and 7.6/100,000, while the lowest ASIR
for pancreatic cancer was found in Africa (2.2/100,000).
This situation was similar for males and females.* In 2018,
the highest overall pancreatic cancer ASIR was in
Hungary (10.8/100,000). Only looking at the incidence
among males, the highest incidence was reported in
Latvia (15.3/100,000). The highest ASIR for pancreatic
cancer in women was seen in the United Arab Emirates
(10.1/100,000). It is most likely that this large variation in
pancreatic cancer incidence around the globe is related to
different exposure to risk factors for this cancer type.

Comparing the pancreatic cancer ASIR in Saudi males
to other countries on the Arabian Peninsula reveals
a reasonably similar picture with an ASIR of 2.0/100,000
in the United Arab Emirates and 1.8/100,000 in Qatar. In
contrast, compared to other countries in the Middle-East,
the ASIR for pancreatic cancer in Saudi males is 2.7
lower, with an ASIR of 5.1, 4.5, 3.5, and 3.0 per
100,000 in Jordan, Lebanon, Iran, and Iraq, respectively.4

Looking at the pancreatic cancer incidence among females
in the Middle-East reveals some important differences. In
fact, the female pancreatic cancer incidence in Saudi
Arabia is 1.6, the lowest in the entire region. In Iraq, the
female pancreatic cancer ASIR was set at 2.1/100,000,
while in Oman, Jordan, Iran, and Lebanon, the pancreatic
cancer incidence was even higher at 2.3, 2.4, 2.6, and
2.8 per 100,000, respectively. However, the highest female
pancreatic cancer ASIR in the region was reported in the
United Arab Emirates, where the ASIR for pancreatic
cancer among women was more than sevenfold higher
than in Saudi Arabia (ASIR: 10.1/100,000). In fact, this
ASIR for pancreatic cancer among women in the United
Arab Emirates was the highest incidence worldwide.*
These differences in incidence are reflected in different
mortality rates. In 2018, pancreatic cancer was associated
with a global ASMR of 4.4 per 100,000.* Also, in this
respect, significant regional variation is seen. The highest
ASMR was seen in Uruguay (9.9/100,000), while Guinea
was characterized by the lowest ASMR (0.32/100,000).*
Therefore, the mortality of pancreatic cancer in Saudi
Arabia is low at only 2.2/100,000. This is lower than
most of the neighboring countries where the highest
ASMR for pancreatic cancer in the region was in Israel
(7.8/100,000), followed by the United Arab Emirates (4.4/
100,000), Lebanon (3.7/100,000), Jordan (3.7/100,000),
Kuwait (3.7/100,000), Syria (3.3/100,000), and Oman
(3.0/100,000).

Also, within Saudi Arabia, significant regional varia-
tions were seen with the male pancreatic cancer ASIR
being significantly higher in the Eastern Region (3.2/
100,000), Riyadh (3.0/100,000), and Tabuk (2.6/
100,000). Similarly, among females, the ASIR was also
significantly higher in the regions of Riyadh (2.3/100,000)
and Tabuk (2.0/100,000), while in this cohort, also the
(2.2/100,000)
a significantly higher pancreatic cancer incidence.

northern  region proved to have

The most prominent adjustable risk factor for pancrea-
tic cancer consists of cigarette smoking. Large studies
have indicated that current smokers have a 70-75%
increased risk of developing pancreatic cancer compared
to never-smokers.'®!'" Importantly, this increased risk is
maintained in former smokers, with ever-smokers having
a 20% higher risk for pancreatic cancer compared to
never-smokers.'® This increased risk in ever-smokers is
particularly pronounced during the first 5 years after they
stop smoking. After that time, the risk for pancreatic

cancer drops back to comparable levels to never-
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smokers.'" In 2015, Moradi-Lakeh et al reported the
results of a cross-sectional study assessing tobacco con-
sumption in Saudi Arabia. For this analysis, a survey was
performed among 10,735 individuals aged 15 years or
above.'? This analysis revealed an overall current smok-
ing prevalence of 12.2% (21.5% in men, 1.1% among
female). Interestingly, the highest prevalence of current
tobacco use was reported in the Tabuk region (18.5%),
and this region was also characterized as the region with
the highest prevalence of heavy smoking (11.7%). In
addition to this, the eastern regions of Saudi Arabia
were characterized by the highest prevalence of daily
shisha smoking (5.31% to 6.82%).'> This higher preva-
lence of tobacco use in Tabuk and the eastern part of the
country may contribute to the high overall ASIR of pan-
creatic cancer in these regions among Saudi males from
2004 to 2015.

Part of the explanation for the particularly high pan-
creatic cancer incidence among women in the United Arab
Emirates could be that it also has one of the highest
prevalence rates of type 2 diabetes in the world."> Many
epidemiological studies established a strong association
between pancreatic cancer and diabetes.'*'> In light of
the current obesity pandemic in many different regions
of the world, it is important to underscore that obesity is
also considered to be a strong promotor of diabetes melli-
tus. Apart from its effect through the development of
diabetes, a higher body mass index on itself was also
found to increase the risk of pancreatic cancer.®'®'7 As
such, the ever-increasing incidence of obesity, especially
in higher-income countries, is believed to play an impor-
tant role in the increasing incidence of pancreatic cancer
seen in these regions. The prevalence of diabetes mellitus
in Saudi Arabia is rising and has been higher in urban
regions than in rural parts of the country, with the highest
diabetes prevalence seen in Riyadh, as confirmed by
a national survey by Saudi Ministry of Health in
2013."®'? In that analysis, the prevalence of diabetes mel-
litus in the region of Riyadh was found to be 20 times
higher than Jizan.? It is very likely that the high preva-
lence of diabetes mellitus has contributed to the fact that
Riyadh also had the highest overall ASIR of pancreatic
cancer from 2004 to 2015. As such, this suggests that
a high prevalence of diabetes may be associated with
higher ASIR of pancreatic cancer in males and females
residing in Riyadh.

The ASIR for pancreatic cancer gradually increased
from 2004 to 2015, with an increase from 1.7/100,000 to

2.2/100,000 in males and from 0.7/100,000 to 1.4/100,000
in females. In absolute numbers, this gradual increase is
perhaps more obvious. In males, the yearly number of
pancreatic cancer diagnoses more than doubled from 71
in 2004 to 151 in 2015. Overall, approximately a third of
all pancreatic cancer diagnoses among males were regis-
tered in the last three years of the analysis (the years 2013,
2014, and 2015, accounting for 31.6% of all male pan-
creatic cancer cases). A similar picture was seen among
women, where the yearly number of cases more than
tripled from only 28 in 2004 to 95 in 2015. Also, among
women, a third of cases were registered in the years 2013,
2014, and 2015 (33,5%). This observation is in line with
the steady increase in the incidence of pancreatic cancer
seen in other parts of the world. For example, an analysis
of data in the US from 1973 to 2014 has revealed a steady
increase in the pancreatic cancer ASIR of 1.03%
per year”' Again, a clear explanation for this steadily
increasing incidence is difficult to give and is likely to
be multifactorial. Part of the explanation could be the rapid
growth in the rate of obesity in Saudi Arabia. In fact, over
the last decades, obesity became a major public health
problem in Saudi Arabia.** Simultaneously, the incidence
of diabetes has been rising in Saudi Arabia over the last
decades.

Our study has several limitations that may have influ-
enced the results. The descriptive nature of the study,
without a comparison group, means a statistical associa-
tion between variables cannot be tested.”® The true inci-
dence of pancreatic cancer may have been underestimated
from the Saudi Cancer Registry, which as a pathological
database does not record patients without a pathological
diagnosis. There was an absence of survival data in the
registry, so the overall mortality rates of pancreatic cancer
in different regions of Saudi Arabia were not calculated in
this study. Despite these limitations, with the geographic
distribution of pancreatic cancer among male and female
Saudis being unavailable, except for the Saudi Cancer
Registry reports, we intended to clarify the real patterns
of pancreatic cancer in different regions from 2004 until
2015. Therefore, these study findings provide highly rele-
vant information for researchers and health-care policy
makers in Saudi Arabia.

Conclusions

This study revealed a slight increase of the CIR and ASIR
of pancreatic cancer among males and females of the
Saudi population. Eastern region, Riyadh, and Tabuk had
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the highest overall ASIRs of pancreatic cancer among
males, Riyadh, Northern region, and Tabuk among Saudi
females, while the Jazan recorded the lowest rate among
male and female Saudis. The rates of pancreatic cancer in
Saudi Arabia were significantly higher among males com-
pared with female Saudis. Further analytical studies are
needed to identify the potential risk factors for pancreatic
cancer among the Saudi population.
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