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Background: Information technology (IT) has emerged as a promising enabler to address
the issue of big data in health care. Despite the urgent need for an IT-based tool to tackle this
issue, one is not available to specifically study the massive data related to cancer among
Saudis.

Objective: To develop a web-based application, which we named “Cancer in Saudi Arabia
(CSA)” to provide an interactive, quick, and easy method to reach, extract, compare, and
visualize cancer data from Saudi Cancer Incidence Reports (SCIRs).

Methods: We used waterfall model to develop CSA. Next, we used CSA to study the data of
non-Hodgkin lymphoma (NHL) in Saudis reported in the SCIRs (1999-2015).

Results: CSA-based analysis showed that NHL incidence rate increased with age and the
disease was more common among males compared with females. In addition, NHL was most
predominant in the regions of Riyadh and Eastern, while it was the least prevalent in Jazan
Region. Interestingly, the largest proportion of NHL patients was diagnosed in the late stage,
and malignant lymphoma, large B-cell diffuse, OS (DLBCL) were the most frequent sub-
types of NHL.

Conclusion: As a user-friendly application, we believe that CSA will be a useful tool for
studying cancer data in Saudis and will make the data published in SCIRs more reachable
and usable. Our findings of NHL provided an almost comprehensive view of the epidemiol-
ogy of the disease in Saudis for 17 years.

Keywords: information technology, cancer in Saudis, epidemiology, big data, waterfall

model

Introduction
Big data in health care refers to patient-related data sets that are very large and
complex.' The massive size and complexity of these data present a great challenge to
extract useful clues about a disease in a community.” Therefore, this limits the
construction of knowledge needed to take an evidence-based action to tackle an illness.
Information technology (IT) has appeared as a promising enabler to address the issue of
big data in health care.’ Consequently, IT applications are very handy to provide a mean
by which the complex and big data can be simplified, visualized, and studied in a time-
effective manner. This has caused many observers to believe that IT will improve the
ability of health care systems to deliver a better service for public health.*

Cancer is one of the most leading causes of death worldwide. Globally, the number
of new cases with cancer has been estimated to reach 19.3 million with 10 million
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deaths caused by cancer in the year of 2020.% In the United
States, it has been estimated that 1,806,590 patients will be
diagnosed with cancer in 2020 and that 606,520 patients will
die of cancer in the same year.® According to the most recent
(SCIR) that was published in September 2018, there were
16,210 (50 of 100,000 individuals) newly diagnosed patients
with cancer in Saudi Arabia in 2015.7 With a life-threatening
disease such as cancer, the availability of long-term clinical
data is essential to construct accurate knowledge of the ill-
ness in order to fight it.

SCIRs are authored and published by the Saudi Cancer
Registry (SCR), and downloadable through the SCR web page
(https://nhic.gov.sa/en/eServices/Pages/TumorRegistration.
aspx). The first SCIR was published on May 1996 and the
most recent was published in September 2018. The total
number of SCIRs published thus far is 18. Each of the first
three SCIRs covered cancer data from multiple years, while

the rest contained data from single years. SCIR reports infor-
mation related to five topics: age-specific incidence rate (AIR)
of cancer, regional distribution of age-standardized rate (ASR)
of cancer incidents, ASR of cancer incidents among Saudis
and other nationalities, stage distribution of cancer, and mor-
phological distribution of cancer. SCIRs have been published
in a non-interactive format (portable document format; PDF)
averaging approximately 100 pages for each report (1800
pages for all the published SCIRs). The total number of cancer
patients whose data have been reported in the 18 SCIRs is
238,634. This brief description demonstrates the complexity
of the SCIRs and the huge quantity of data that the reports
contain. Therefore, this has restricted taking full advantage of
SCIRs, although they contain important knowledge about
cancer in Saudi Arabia. Consequently, there has been an
urgent need for an interactive, easy, and time-effective
means to study SCIRs data.

IT holds a promise as enablers to easily and time-
effectively study and manage big data in health care.’
Various web-based applications have been constructed to
allow a fast, intuitive, and interactive method for working
with cancer data. For example, the cancer statistics data
visualizations tool (CSDVT; https://gis.cdc.gov/Cancer/
USCS/DataViz.html)
cancer data resourced from the American Center for
Disease Control and Prevention (CDC) and the National
Cancer Institute (NCI)."> Another example is CancerData

accommodates American-related

(https://www.cancerdata.nhs.uk/) that presents cancer data

of patients living in England, which are gathered from the

National Cancer Registration and Analysis Service

(NCRAS).?® Encouraged by these two examples and due

to the urgent demand for a simple and quick method to
study Saudi cancer data in the SCIRs, the objective of this
current work was to employ IT to develop a web-based
tool, which we named “Cancer in Saudi Arabia (CSA)”

(https://cancerinsaudi.com/). Next, we used the data of

non-Hodgkin lymphoma (NHL), which is a group of
hematological malignancies, in Saudi patients to explain
how CSA works and to provide a nearly complete view of
the NHL epidemiology for 17 years (1999-2015).

Methods

We followed the methodology of software engineering to
build CSA website.® The Waterfall Model has been used to
build and develop the CSA website.” The waterfall model
has been chosen for this research for the following reasons
(waterfall advantages): This model is a sequential process
arranged from top to bottom in specific stages, as it goes
downward through the phases of requirements, the model
begins and ends one stage before starting the next one, it is
not overlapping stages. Each stage is completed in speci-
fied period of time after that it moves to next stage. This
approach ensures project deadline control. The model
ensures the design flaws of the proposed system before
the development of the final product. This is because
requirement is clear before development starts. The
model supports intensive documentation and planning,
where documentations are very useful to use it in the
future for code modification and the proposed system is
described as high-quality control. It provides an early
detection of faults as each stage is clearly defined so, this
process ensures early detection of faults.

The proposed system which use this model can be
described as: faster, cheaper, better, more flexible, and
adaptive.'® Our work consisted of five phases: require-
ments, design, implementation, testing and maintenance.

Phase |: Requirements

This phase involves the process of discovering the goal of
CSA, which is to provide a user-friendly tool to study
cancer data in Saudis. Four main tasks were set to be
conducted by CSA; reaching, extraction, comparison, and
visualization of SCIRs data. This phase addresses the
functional requirements of these four tasks. We studied
the SCIRs and found that five major topics were reported
in each SCIR; therefore, we have selected them:

e Age-Specific Incidence Rate (AIR) of Cancer
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e Regional Distribution of the Age-Standardized Rate
(ASR) of Cancer incidents

e AIR of Cancer Incidents among Saudis and Other
Nationalities

e Stage Distribution of Cancer

e Morphological Distribution of Cancer

The data related to the above topics were extracted from
the SCIRs to construct five tables.

Phase 2: Design
To design the SCA website, we first created the tables of
the system. Each table is a separate entity and the only
connection among all the tables is the year. A full descrip-
tion of these tables is
Tables 1Tables 2Tables 3Tables 4-5. To describe the
SCA website, we used Unified Modeling Language
(UML) tool."' UML enabled the visualization of the
SCA design. Using UML, we constructed the entity rela-
tionship diagram (ERD) and use case of CSA. ERD
described the relationships of the tables needed for CSA
(Figure 1). These tables had attributes that define their
properties.

There are two types of user for CSA, the public and the
admin user. The public user can browse the website and view

shown in

all the pages; reach, extract, compare, and visualize SCIRs

Table | Age-Specific Incidence Rate (AIR)

Name of the Field Type of the Inserted Data
Disease type Character

Year Date

All Ages Or Total Number

Age Unk Number

Crud Rate Number

ASR World Number

Age Range Values Number

Table 2 Morphological Distribution of Cancer

Name of the Field Type of the Inserted Data

Disease name Character
Year Date
Histology (Morphology) Number

Table 3 Stage Distribution of Cancer

Name of the Field

Type of the Inserted Data

Disease name Character
Year Date
Stage Number

Table 4 Regional Distribution of Age-Standardized Rate (ASR) of

Cancer Incidence in Saudis

Name of the Field

Type of the Inserted Data

Disease name Character
Year Date
Regional Values Number

Table 5 Age-Standardized Rate (ASR) of Cancer Incidence in

Saudis and Other Nationalities

Name of the Field

Type of the Inserted Data

Disease name Character
Year Date
Country Values Number

data related to one or more types of cancer for single or
multiple years. The second use case is for the admin, who
manages and controls the website. The admin can add new
cancer data and receive feedback from public users. The
admin needs user name and password to access the control
panel.

Phase 3: Implementation

Various tools, which were divided into back end and front
end, were used to execute the SCA. The back end tools
used Hypertext Preprocessor (PHP), which is designed for
web development.'? In addition, Laravel was used as the
framework for the web development application.'® For the
front end tools, Hyper Text Markup Language (HTML)
was used to create pages and make them functional;
Cascading Style Sheet (CSS) was employed to describe
how HTML elements can be presented on screen; Java
script was utilized to allow access to interactive web
pages; and Vue.js was used as a JavaScript framework
for setting up and designing user interfaces and single
page applications.'*'® As a result of the implementation,
the SCA website was built. There are two types of
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Figure | Entity relationship diagram (ERD) of CSA. ERD shows the relationship between the tables.
Abbreviations: RD ASR, regional distribution of age-standardized rate of cancer incidence; MDC, morphology distribution of cancer; C ASR, country ASR of cancer

incidence; SDC, stage distribution of cancer; AIR, age-specific incidence rate.

interfaces in CSA: one for the admin who has control over
the system, and the other for the public who wants to use
the system. The main admin page is shown in

Supplementary Figure 1, through which the admin can

log in to the control panel. There are many tasks that can
be performed via this page. The admin page contains
subpages, such as those shown in Supplementary
Figures 2—6 which the admin uses in order to update/insert
related data.

Phase 4: Testing
The main purpose for this phase is to make sure that the
final CSA website, meets its goal. This was be done

through examining:

e The ability of the final version of the system to per-
form the tasks that have been set in Phase 1.

e The correctness of the inserted data. A double check
has been conducted by comparing the original data

with the data inserted in the SCA (Supplementary
Figure 7).

¢ The nonfunctional requirements of our system, such
as:

1. Security: The CSA website is secure as it follows
the standards for writing code which will prevent
any threat by hackers. Supplementary Figure 8
shows that the URL starts with https.

2. Usability: We have built CSA to be intuitive and
user-friendly. We also made CSA available in

English and Arabic languages.
3. Availability: CSA is available because the host ser-
ver is powerful.

Phase 5: Maintenance

This phase involves any change or improvements that can
be applied to the CSA website after being delivered to
public users. Some changes might occur in CSA when
effective software systems require updates and amend-
ments over time. The authors will utilize public users’
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feedback that can be received through the “contact us
icon” (Supplementary Figure 9).

Results

Home-Page
CSA (https://cancerinsaudi.com/) is an interactive, user-

friendly and time-effective web-based tool that allows users
to reach, extract, compare, and visualize Saudi cancer data in

® © ® [ cancerinSaudi Arabia x N

< C

CsA

& https://cancerinsaudi.com

g0l dy )l dslanll b U sl
Cancer in Saudi Arabia

Age-Specific Incidence Rate (AIR) of Cancer
Saudis

Regional Distribution of Age-Standardized Rate
(ASR) of Cancer Incidence in Saudis

Figure 2 Homepage of the Cancer in Saudi Arabia (CSA).

A

Home About Selected Reports ~

Morphological Distribution of Cancer

SCIRs. The home page of CSA is shown in Figure 2. CSA
allows the analyses to be conducted according to user prefer-
ences with respect to age range, sex, year, region, country,
cancer stage, and cancer morphology. CSA also enables users
to export the analysis output either in a PDF or TIFF formatted
file. Furthermore, the original data underpinning an analysis
can be exported to an Excel file. We have built CSA to support
both English and Arabic languages to make it more usable.

Qa & ©
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How to use Copyrights
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Figure 3 Age specific incidence rate (AIR) of cancer in Saudis per 100,000 population. (A) Comparison of AIR data of all age groups data that were reported in four selected
years (only for years were used for simplicity). (B) The AIR data of the top three old age groups from all the 17 years were compared. Asterisk symbol was used to indicate

non-available data from SCIRs.
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AIR of Cancer in Saudis

The age specific incidence rate (AIR) is the number of
cancer cases of a specific age and sex at a particular
time divided by the total number of population with the
same age and sex at midyear. AIR is reported per
100,000 population in the SCIRs. Therefore, AIR is
widely used measure to indicate the prevalence of can-
cer in a specific gender and age group. The comparison
of AIR data from 16 age groups in four selected years
showed the risk of developing NHL increases with age
(Figure 3A). With few exceptions, NHL cases occurred
more among male patients compared with female
patients. Next, we compared the AIR data of the oldest
three age groups from 1999 to 2015 (Figure 3B).
Overall, the disease appeared to be predominant among
patients at age > 75; the highest AIR data were recorded
at the age group > 75 for 10 years in men and for 8
years in women. Furthermore, the male predisposition to
NHL was more evident in the age group > 75. The data
suggested a trend of decrease of NHL cases in patients
at the age group 65-69 starting from 2007 to 2015 and
in the age group of 70-74 from 2012 to 2015.

A K] Eastern (Non-Hodgkin Lymphoma - Males) SIENIN Eastern (Non-Hodgkin Lymphoma - Females)

Regional Distribution of ASR of Cancer

Incidence in Saudis

SCIRs provided data about the cancer incidents among
Saudis from the different regions of Saudi Arabia. In this
comparison, ASR was used rather than the AIR. ASR is
a means of measurement used to compare different popula-
structure. ASR
a standardized age structure known as the “world standard

tions with variable age employs
population” and the ASR values are expressed per 100,000
population. The total number of Saudi regions of which ASR
data of cancer incidents were reported in SCIRs was 13.
Figure 4A shows a CSA-based comparison of NHL ASR
data of Saudis in 13 Saudi regions over seven selected years.
Four regions, Riyadh, Najran, Jouf and Eastern, showed high
ASR value in both sexes (ASR > 8) in one or more years. In
contrast, only the regions of Jazan and Baha recorded low
ASR numbers (ASR < 3) in one or both sexes for all 7 years.
Next, the ASR data of these six regions from 1999 to 2015
were studied (Figure 4B). Riyadh region reported the largest
ASR of NHL in men for seven years. The Eastern region
was second to Riyadh, where ASR values of NHL incidents

in males were the largest in four years. To the contrary, the
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Figure 4 Age standardized rate (ASR) of NHL in Saudis per 100,000 population. (A) The ASR data of all the |3 Saudi regions from seven selected years (only seven years
were used for simplicity) were compared using CSA tool. (B) A comparison of the ASR data of six selected regions of Saudi Arabia that were reported in the 17 years.
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lowest ASR data of male NHL was recorded in the region of
Jazan for seven years. With the exception of the years 2003,
2007 and 2012, the Riyadh region reported the highest ASR
of NHL among females (Figure 4B). In contrast, the lowest
ASR of female NHL was recorded in the Jazan region for
eight years.

ASR of Cancer Incidents Among Saudis
and Other Nationalities

To gain an insight into the cancer incidents in Saudi Arabia
and other countries, SCIRs provide data of the ASR of
cancer cases in Saudi Arabia as well as other countries.
The total number of the countries for which ASR was
reported in the SCIRs (1999-2015) was 56. Nevertheless,
not all of these counties appeared in every SCIR. The US,
Oman, Bahrain, Kuwait and United Arab Emirates were
reported in the majority of the SCIRs. We compared the
ASR data in these countries with that of Saudi Arabia
(Figure 5). The US claimed the highest ASR of NHL. The
highest ASR of male NHL among the Arabic countries was
from Kuwait for eight years. In contrast, Saudi Arabia and
the United Arab Emirates (UAE) reported the lowest ASR of
male NHL for five and eight years, respectively. For females
with NHL, Kuwait recorded the highest ASR for 12 years
compared with the other Arabic countries. Saudi Arabia and
the UAE had the lowest ASR of female NHL for five and
four years, respectively. The male to female propensity for
NHL in the majority of the years was more evident in the US
and Kuwait.

Stage Distribution of Cancer
In stage distribution of cancer, SCIRs grouped patients
on the basis of disease extent into five categories:

of
——

EETITY

2001 2002 2003

101

distant, localized, regional, in situ, and unknown, as
defined by SEER.'” Stage distribution of cancer is
given in percentage rather than number of patients in
SCIRs. The category “in situ” is not applicable to NHL;
therefore, it was omitted from the analysis. The stage
distribution of male and female NHL is very similar, so
only NHL data from men are studied here for simplicity.
Evidently, the dominant stage of NHL among Saudi
patients is the distance (Figure 6). There was a trend
of decrease in the patients diagnosed with the unknown
stage after 2005. Nevertheless, the proportion of loca-
lized stage showed a trend of increase in the last five
years (2011-2015). Unlike other stages, the regional
stage did not exceed 21% throughout the 17 years
(1999-2015).

Morphological Distribution of Cancer

In the SCIRs, the morphology (histology or subtype) of
cancer cases were identified and reported in accordance
with the international classification of diseases for oncology
(ICD-0-2) and (ICD-0-3)."* We compared 13 morphologies
of NHL that were reported in the majority of the SCIRs
(1999-2015; Figure 7). Interestingly, malignant lymphoma,
diffuse large B-cell, NOS (DLBCL) by far dominated all the
other morphologies. Noticeably, the number of cases
denoted the morphology “others” raised between 2011 and
2015 after a sudden drop after 2001. The other morphologies
were much less frequent in NHL patients (<41 cases) in
almost all years (2001-2015). Among the less common
morphologies, Burkitt's Lymphoma (BL) was highly
reported in males (Figure 8A), whereas malignant lym-
phoma, non-Hodgkin, NOS was the most common among

females (Figure 8B).

o k‘% |'_ |

Figure 5 Age standardized rate (ASR) of NHL in Saudis and other nationalities. The ASR of NHL from Saudi Arabia and other Arabic countries along with the US were
compared. Asterisk symbol was used to indicate non-available data from SCIRs. Asterisk symbol was used to indicate non-available data from SCIRs.
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Figure 6 Stage distribution of NHL in Saudi patients. The percentage of stage distribution of NHL that were reported in the 17 years was compared.

homa, NOS [ Mycosis fungoides

male

2008 2008 2007

a,NOS N Marginal 20

o
- l- - LJ- — LI- e ok - N | LSI oa ! lutn LI h. L
109 2001 2002 200 200¢ 2 %

M \aignant lymohoma, non-Hodgkin, NOS [l Mature T-cel lymphoma, NOS Analastic large cel ymphoma, T cel and Nl cell type

NOS [ Maignant lymphoma, smal B lymphocytic, NOS Mantke cell ymphoma

. late
2012

201

la: lum ™ n fe e

2008 2008

Figure 7 Morphology distribution of NHL in Saudi patients. CSA application was used to compare the number of patients assigned to an NHL morphology that were
reported in all the |7 years. Asterisk symbol was used to indicate non-available data from SCIRs.

Discussion

IT holds a promise as enablers to easily and time-
effectively study and manage big data in health care.’®
Various web-based applications have been constructed to
allow a fast, intuitive, and interactive method for working
with cancer data. For example, the cancer statistics data
visualizations tool (CSDVT; https://gis.cdc.gov/Cancer/
USCS/DataViz.html)
cancer data resourced from the American Center for
Disease Control and Prevention (CDC) and the National
Cancer Institute (NCI).'” Another example is CancerData
(https://www.cancerdata.nhs.uk/) that presents cancer data

accommodates American-related

of patients living in England, which are gathered from the
National Cancer Registration and Analysis Service
(NCRAS).?® Encouraged by these two examples and due
to the urgent demand for a simple and quick method to
study Saudi cancer data in the SCIRs, we developed CSA
to be the first web-based tool in Saudi Arabia to study
SCIRs data. Although the English language is common

among people working in healthcare and in the academic

sectors, we have made CSA available in two languages,
Arabic and English, to make our application approachable
for non-English speakers. As a user-friendly and fast
application, we believe that CSA will be useful tool to
study cancer data among Saudis and will make the data
published in SCIRs more reachable and usable.

There is a resemblance between CSA and the other two
applications (CSDVT and CancerData) with respect to the
tasks they conduct. Nevertheless, there are some specific
features of CSDVT and Cancer Data that are not available
in CSA, such as the analysis of survival rate of cancer
patients. Information about survival rate is a key to eval-
uating the quality of healthcare services provided to
patients diagnosed with tumors. It is also an indication of
whether a type of cancer is life-threatening. Due to the
limited survival data of Saudi cancer patients in SCIRs, the
analysis of survival rate was not included in CSA. In fact,
only a single SCIR that was published in 2007 reported
survival data from 1994 to 2004 for only 5141 of 65,873
Saudi patients who were diagnosed in the same time
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Figure 8 The less frequent morphologies of NHL in Saudi patients. The non-common morphologies of NHL amongst Saudi patients were compared in males (A) and

females (B). Asterisk symbol was used to indicate non-available data from SCIRs.

period. We believe that publishing the survival data in
a regular basis for all diagnosed patients will add
a significant value to the knowledge provided by SCIRs.
In contrast to CSDVT and Cancer Data, CSA allows the
study of cancer stages and compares the ASR of cancer
incidents in Saudis with that of patients from other coun-
tries. Cancer stage is a very important determinant for the
time and type of treatment a patient should receive.
Generally, patients at early stages of cancer do not receive
as early and intensified therapy as those at the later stages
of the disease. Therefore, the analysis titled “stage distri-
bution of cancer” in CSA helps to gain knowledge about
cancer stage of particular tumors in Saudi Arabia.
Furthermore, it answers the question as to whether health-
care systems are able to make an early detection of
a tumor, which in turn impacts positively on the success
of therapy.

NHL is a hematological cancer that comprises different
subtypes with variable pathology and clinical outcomes.*!
NHL was selected in the present study as an example of
SCIRs data to illustrate how CSA works because it is
a common tumor; NHL is the second and fifth most pre-
valent neoplasm in Saudi males and females, respectively.’
NHL is considered a disease of the elderly with male to
female prevalence.’” Our findings fit with this; NHL

showed greater prevalence in older patients with larger

incidence rates in males compared with females.
Interestingly, our findings indicated a dramatic rise of
NHL prevalence in the Riyadh and Eastern regions com-
pared with the Jazan region. Although there is no definite
explanation for the high ASR of NHL in the Riyadh and
Eastern regions, risk factors may play a role in this obser-
vation. Therefore, screening for risk factors of NHL in the
regions of Riyadh and Eastern may be worthwhile in
explaining the predominance of the disease in these two
regions. Developed countries recorded higher ASR of
NHL compared with developing countries.** Similarly,
our analyses showed bigger ASR of NHL from USA
compared with that of Saudi Arabia and the other Arabic
countries. We found that the largest proportion of NHL
patients have been diagnosed at the late stage (stage:
distance). Consistently, the data of SEER from 2005 to
2015 reported that 50% of NHL patients have been diag-
nosed at the late stage.”> DLBCL is the most common type
of NHL accounting for 58% of NHL series.***> Our
results reached a similar conclusion, where DLBCL domi-
nated the other types (morphologies) of NHL in Saudis.
Taken together, our NHL findings provide an almost com-
prehensive view of the epidemiology of the disease in

Saudis for 17 years.
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Currently, CSA accommodates the data of three different
kinds of cancer: breast cancer, leukemia, and NHL. Our future
plan is to cover the remaining malignant diseases by feeding
our CSA with the data of other neoplasms from SCIRs. In
addition, work will continue with the authors of SCIRs to
obtain survival data of cancer patients in order to develop
anew function of CSA that conducts survival analysis similar
to that performed by CSDVT and Cancer Data. Effort will be
also made to employ artificial intelligence to CSA in order to
predict the cancer epidemiology in Saudis in the future.

Conclusion

Overall, we develop CSA to meet the great demand of
a user-friendly tool to study the big data of cancer in
Saudis reported in SCIRs. As a result, CSA enables reach-
ing, extraction, comparison, and visualization of cancer
data in SCIRs in an interactive, easy, and fast manner.
Using CSA, we studied the data of NHL in Saudis
reported in 16 SCIRs. Therefore, our findings painted an
almost complete picture of the epidemiology of NHL in
Saudis for 17 years (1999-2015). As an easy and time-
effective tool, we believe that CSA will be useful for
people working in healthcare and academic sectors.
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