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Background: The incidence rate of testicular cancer has risen in many countries
during recent decades. This study aimed to outline the impact of testicular cancer
on the Middle East and North Africa (MENA) region from 1990 to 2019, examining
its burden by age group and according to the socio-demographic index (SDI).

Methods: Data on the incidence, death, and disability-adjusted life-years
(DALYs) due to testicular cancer were retrieved from the Global Burden of
Disease study 2019. The counts and age-standardized rates (per 100,000) were
reported, and all rates were accompanied by 95% uncertainty intervals (Uls).

Results: In MENA, the age-standardized incidence rate of testicular cancer
was 1.4 per 100,000 in 2019, showing a 244.0% increase since 1990.
Similarly, the annual death rate, at 0.1, experienced a 2.6% rise during the
same period. In 2019, testicular cancer accounted for 31.1 thousand DALYs,
marking an age-standardized rate of 5.0, which was 2.8% higher than in 1990.
The 1-4 age group exhibited the largest incidence rate in 2019. In addition, in
both 1990 and 2019 the MENA/Global DALY ratio was higher than one in the
1-14 year age groups. During the period 1990 to 2019, the age-standardized
DALY rate of testicular cancer steadily rose with higher SDI values, except for
a decrease observed at an SDI of 0.8.

Conclusion: Over the last thirty years, there has been a notable rise in the
burden of testicular cancer in the MENA region.
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Introduction

Testicular cancer is a relatively rare malignancy, but its
incidence has increased over the last few decades (1). In 2020,
testicular cancer was the 20™ most common type of cancer, in terms
of prevalence (2). Despite having a favorable long-term survival
rate, patients with testicular cancer have a higher risk of
complications (3). The risk factors for testicular cancer include
genetic risk factors (especially mutations in the KIT and RAS genes),
environmental exposures and underlying disorders (e.g.,
cryptorchidism, hypospadias and impaired spermatogenesis) (3, 4).

In 2020, testicular cancer accounted for 0.4% and 0.1% of the
incident cases and deaths from all types of cancers, respectively (5).
Between 1990 and 2019, there was a substantial global increase of
about 46% in the age-standardized incidence rate of testicular
cancer (6). Specifically in 2016, within the Middle East and North
Africa (MENA) region, the age-standardized incidence rate for
testicular cancer stood at 1.02 per 100,000, alongside a
corresponding death rate of 0.25 per 100,000. Notably, this region
ranked among the highest globally in terms of the burden measured
by disability-adjusted life years (DALYs) (7).

Several previous reports have estimated the burden of different
cancer types using information derived from the Global Burden of
Disease (GBD) study (6, 8). For example, global reports have
highlighted the burdens of urological cancers (9), bladder cancer
(10), and prostate cancer (11). Utilizing GBD 2016 data, estimates
of the global, regional and national burdens of testicular cancer have
also been conducted (7). Furthermore, earlier investigations have
detailed the worldwide incidence, mortality rates and trends
associated with testicular cancer using the GLOBOCAN 2020
data (2, 12). However, no previous study has specifically focused
on the MENA region. The MENA countries have large variations in
the socioeconomic profile and health system capacities that may
differ substantially from high-income countries (13). These
disparities underscore the urgent need for comprehensive
research into the burden of testicular cancer within this
distinctive region. This study focuses on examining the burden of
testicular cancer in the MENA region spanning the period 1990-
2019, by age category and socio-demographic index (SDI).

Methods
Overview

The GBD Study 2019, overseen by the Institute of Health
Metrics and Evaluation (IHME), measures the impact of 369
health conditions across the world (14). The GBD studies divide
the world into 21 regions, with the MENA region consisting of 21
nations (Afghanistan, Algeria, Bahrain, Egypt, Iran (Islamic
Republic of), Iraq, Jordan, Kuwait, Lebanon, Libya, Morocco,
Oman, Palestine, Qatar, Saudi Arabia, Sudan, Syrian Arab
Republic, Tunisia, Turkey, United Arab Emirates, and Yemen).
The methods used in GBD 2019 have been reported in detail
previously (14, 15). The information utilized in this article can be
viewed using these links https://vizhub.healthdata.org/gbd-
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compare/ and http://ghdx.healthdata.org/gbd-results-tool. In the
section below we provide a concise overview of the methodologies
employed to generate the estimates reported in this article.

Estimation framework

The International Classification of Diseases was used to define
testicular cancer, including both version 10 (i.e., C62-C62.9, D29.2-
D29.8, and D40.1-D40.8) and version 9 (i.e., 186-186.9, 222.0, 222.3,
236.4) (14). Data from the vital registration, verbal autopsy, and
cancer registries were utilized to create the cause of death database.
Mortality estimates were derived using mortality-to-incidence ratios
(16). Mortality-to-incidence ratios were modeled using data from
areas where mortality and incidence statistics for testicular cancer
were both available for the same year. The mortality estimates
obtained from the cancer registry and vital registration systems
were used to inform the cause-of-death ensemble model (CODEm)
(16). The CODEm generated mortality forecasts for locations where
data was scarce or non-existent. The CODEm for testicular cancer
included the following covariates: cumulative cigarette consumption,
tobacco (cigarettes per capita), the healthcare access and quality index
(HAQ), gender and age specific exposure to low consumption of fruit
and vegetables, education (years per capita), lag distributed income
per capita, and the SDI (16). Following this, CoDCorrect was used in
an age-sex-state-year group to adjust the sum of the anticipated single-
cause death estimations. The final estimates for mortality underwent
division by the death-to-incidence ratio, yielding the incidence of
testicular cancer (16). To calculate the 10-year prevalence of testicular
cancer, the survival of each incidence cohort was modeled using the
mortality-to-incidence as a scalar to consider where each country fell
on a scale that ranged from the theoretical best to a theoretical worst
survival rate. Impairment was assessed by dividing the total prevalence
into four phases: 1. diagnosis or initial therapy; 2. remission; 3.
metastatic; and 4. terminal (16). The diagnostic and main therapy
phase included the period from the onset of symptoms until treatment
had finished. The controlled phase started after primary treatment had
finished and ceased when one of the following outcomes occurred:
cure (defined as remaining free of recurrence and progression for 10
years); death from another cause; or progression into the metastatic
phase. The metastatic phase is characterized by patients undergoing
comprehensive treatment for metastatic illness, as established by SEER
(Surveillance, Epidemiology, and End Results Program) averages (16).
The last period was the term for the final month prior to dying. The
different disability weights associated with each of the four sequelae
are displayed in Supplementary Table 1. Patients that had been cured
for over 10 years were separated into one of two different sequelae:
diagnosis and primary therapy or the controlled phase of testicular
cancer (16).

Severity and years lived with disability
The years lived with disability (YLDs) were created by

multiplying the individual disability weights with the sequelae
specific prevalence rates. The disability weights of each cancer

frontiersin.org


https://vizhub.healthdata.org/gbd-compare/
https://vizhub.healthdata.org/gbd-compare/
http://ghdx.healthdata.org/gbd-results-tool
https://doi.org/10.3389/fonc.2023.1276965
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Safiri et al.

sequelae, along with their lay descriptions, have already been
published (16). The YLD is a measure of a disease’s impact, with
1 YLD equaling one year of healthy life lost as a result of ill health or
disability. Another crucial metric in assessing the disease burden is
the disability-adjusted life year (DALY), calculated by combining
the years of life lost (YLLs) and the YLDs.

Compilation of results

All calculations were standardized by utilizing the GBD
standard population (16), and 1000 iterations were executed at
every phase of the estimation process to provide 95% uncertainty
intervals (UIs). The 95% UlIs were determined by the 25" and 975™
values of the ordered estimates. The relationship between the
burden of testicular cancer and SDI was examined using
Smoothing Splines (17). SDI, ranging from 0 to 1, encompasses
the fertility rate among individuals under 25 years old, the mean
years of education for those over 15 years of age, and the lag-
distributed mean income per capita (smoothed over the preceding
10 years). All visual representations were created using R statistical
software (Version 3.5.2).

Results
The Middle East and North Africa region

In 2019, the MENA region was estimated to have had
approximately 8.5 thousand (95% UL 6.1 to 11.6) incident cases
of testicular cancer, with an age-standardized incidence rate of 1.4
(1.0 to 1.8) per 100,000 — 244% higher (106.8 to 440.0) than that
reported in 1990 (Table 1, Supplementary Table 2). Deaths
attributed to testicular cancer totaled 520.0 (441.0 to 619.0) in
2019, with an age-standardized death rate of 0.1 (0.1 to 0.1)
(Table 1, Supplementary Table 3). Moreover, the burden
measured in DALYs due to testicular cancer amounted to 31.1
thousand (25.9 to 37.4), reflecting an age-standardized rate of 5.0
(4.2 to 5.9) (Table 1, Supplementary Table 4). Notably, no
substantial alterations were observed in the age-standardized
death and DALY rates of testicular cancer between 1990 and 2019.

National level

In 2019, among the MENA nations, the age-standardized
incidence rate for testicular cancer varied from 0.1 - 5.0 cases per
100,000. Turkey [5.0 (2.6 to 9.0)], Lebanon [3.3 (1.7 to 5.9)], and
Iran [1.9 (1.2 to 2.7)] had the largest age-standardized incidence
rates. Conversely, Afghanistan [0.1 (0.1 to 0.2)], Yemen [0.2 (0.1 to
0.4)], and Palestine [0.3 (0.2 to 0.5)] had the smallest rates
(Supplementary Table 2).

In 2019, among the MENA countries, the age-standardized
death rate for testicular cancer varied from 0.0 to 0.2 cases per
100,000 individuals. Turkey [0.2 (0.2 to 0.3)], the United Arab
Emirates [0.1 (0.1 to 0.2)], and Jordan [0.1 (0.1 to 0.2)] had the
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largest age-standardized death rates, while the smallest were
observed in Oman [0.0 (0.0 to 0.0)], Bahrain [0.0 (0.0 to 0.0)],
and Palestine [0.0 (0.0 to 0.0)] (Supplementary Table 3).

In 2019, the age-standardized DALY rates for testicular cancer
varied between 1.2 to 14.5 cases per 100,000 in the MENA
countries. Turkey [14.5 (10.6 to 20.3)], Lebanon [7.2 (4.6 to
11.1)], and the United Arab Emirates [6.4 (3.8 to 11.3)] had the
highest age-standardized DALY rates, while Bahrain [1.2 (0.8 to
1.6)], Palestine [1.4 (1.0 to 1.8)], and Oman [1.8 (1.1 to 2.4)] had the
smallest (Supplementary Table 4).

The age-standardized incidence rate of testicular cancer was
higher in 2019, than in 1990, in all MENA countries except for
Kuwait and Libya. Saudi Arabia [694.6% (211.4 to 1674.9)], Iran
[495.7% (162.7 to 1085.5)], and Lebanon [493.2% (150.8 to 1202.8)]
had the biggest increases in the age-standardized incidence rate of
testicular cancer (Supplementary Table 2).

The age-standardized mortality rate due to testicular cancer
rose from 1990 to 2019 in six countries, while no substantial
changes were observed in the other 15. Iran [176.2% (97.3 to
280.5)], Palestine [128.0% (44.4 to 250.6)], and Yemen [104.1%
(31.2 to 227.0)] had the biggest increases in the age-standardized
death rate (Supplementary Table 3).

The age-standardized DALY rate of testicular cancer increased
from 1990 to 2019 in five of the MENA countries, while the DALY
rate declined over this period in only one country. Iran [176.1%
(91.9 to 294.2)], Palestine [102.8% (24.2 to 227.2)], and Saudi
Arabia [92.8% (17.5 to 224.2)] had the biggest increases in the
age-standardized DALY rate of testicular cancer, while only Kuwait
[-52.3% (-66.9 to -20.5)] had a substantial decline in the DALY rate
(Supplementary Table 4).

Relationship with age

In 2019, the regional incidence rate and incident cases of
testicular cancer decreased dramatically up to the 5-9 age group,
rose to those in the 30-34 age category, and then declined to those in
the 95+ age category. In 2019, the 1-4, 30-34, and 25-29 age
categories recorded the three highest incidence rates and incident
cases of testicular cancer (Figure 1A).

The regional mortality rate in 2019 declined to the 5-9 age
category, rose to the 40-44 age category, declined to the 45-49 age
category, and then rose up to those aged 95+. Concurrently, in 2019,
the death cases due to testicular cancer in the region decreased to
the 5-9 age category, increased to the 30-34 age category, and then
decreased to those aged 95+. Notably, in 2019, the 30-34, 25-29, and
35-39 age groups had the three highest incident cases of testicular
cancer (Figure 1B).

In 2019, the regional DALY rate of testicular cancer declined up
to the 5-9 age category, then rose to the 30-34 age category, declined
to the 50-54 age group, and then rose to the oldest age group.
Similarly, that same year, the total regional DALYs of testicular
cancer declined to the 5-9 age category, rose to the 30-34 age
category, and then declined to the oldest age category. In 2019, the
30-34, 25-29, and 20-24 age groups had the three highest regional
DALYs of testicular cancer (Figure 1C).
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TABLE 1 Incidence, deaths and DALYs due to testicular cancer in 2019 and the percentage change in the age-standardized rates during the period
1990-2019.

Incidence (95% Ul) Deaths (95% Ul) DALY (95% Ul)
Counts ASRs Pcs in Counts  ASRs Pcs in Counts ASRs Pcs in
(2019) (2019) ASRs (2019)  (2019) ASRs (2019) (2019) ASRs
1990- 1990- 1990-
2019 2019 2019
8496 14 244 0.1 2.6 31123 5 2.8
North Africa and (6144, (1, (106.8, (0.1, (-24, (25882, (4.2, (-25.9,
Middle East 11622) 1.8) 440) 0.1) 35.8) 37443) 5.9) 42.4)
73.9
50 0.1 1124 17 0.1 (1438 1076 2.8 60.4
Afghanistan (26, 89) (0.1,02)  (52,291.1) (11, 25) (0,0.1) 157.1) (699, 1588) (19,42) | (-4.1, 155.4)
312 0.7 179.6 20 0 -10.5 1291 2.9 22
Algeria (154, 567) (04,13) (205, 542.7) (14, 27) 0,0.1)  (-39.9,36.1) (938, 1738) (2.1,3.9) | (-36.8, 50.1)
5 0.4 388.6 0 0 54.9 14 12 58.1
Bahrain (3,8) 02,0.7) = (123.3,934) (0, 0) (0, 0) (4.3, 131.5) (10, 19) (0.8,1.6) | (9.9,130.8)
447 0.4 200.9 44 0 14.5 2790 2.7 13
Egypt (210, 998) (02,09) (227, 693.4) (29, 66) 0,01)  (-24.5,81.2) (1811, 4179) (1.8, 4) (-31.8, 87)
1704 1.9 :ZZ 91 0.1 (1977632 4940 5.7 176.1
Iran (1067, 2400) | (1.2,2.7) 1085.5) (81,103) | (0.1,0.1) 2805) (4114, 5763) (4.7,6.6) | (91.9,294.2)
19.5
382 0.9 187.4 34 0.1 (274 1975 46 14
(187, 798) (05,1.8)  (25,573.1) (23, 52) (0.1, 0.1) - (1315, 3047) (32,7) (-32.8, 92.8)
Iraq 105.7)
216 1.8 283.3 12 0.1 1.6 735 6.3 9.2
Jordan (111, 389) 1,32) (78, 689.5) (8, 16) 0.1,02) | (-34.8,67.1) (522, 1028) (45,85) | (-32.1,80.9)
55 -57.4
46 1.1 (528 1 0 (688 80 1.9 523
Kuwait (20, 90) (0.4,2.3) 162.7) 1,2) (0, 0) 322) (55, 130) (13,3) | (-66.9, -20.5)
4932 227 72 53
178 33 (150.8 6 01 (278 390 (4.6 (-123
Lebanon 1, 321) (1.7, 59) 1202.8) .9 (0.1,02) 108.1) (249, 609) 11.1) 163.1)
41 0.6 129 4 0.1 7 219 3 13.6
Libya (20, 77) 03,1.1)  (-1.7, 421.8) (2,6) 0,0.1)  (-38.8,94.5) (144, 331) (2, 4.4) (-34.6, 97.5)
106 0.3 173 15 0 118 885 24 14
Morocco (55, 208) 0.2,06) (125, 536.8) (10, 23) 0,0.1)  (-31.4, 84.4) (555, 1367) (1.5,3.7) (-34, 95.9)
313
35 0.7 351.8 1 0 9 90 1.8 (173
Oman (16, 62) (03,12) (742, 974.4) (1, 2) (0,0) (-32.7, 82.5) (56, 132) (1.1, 2.4) 1142)
128
13 0.3 330.4 1 0 (444 67 14 102.8
Palestine (6, 25) 0.2,0.5)  (76.7,900.1) 1, 1) (0, 0) 2506) (48, 88) (1,1.8) | (24.2,227.2)
37 1.1 288.5 1 0 117 80 2.4 9.3
Qatar (14, 71) 04, 2) (57.1, 794) 1,2) (0, 0) (-44, 44.1) (46, 125) (15,3.5) | (-32.6,76.3)
474 1.3 6946 17 0 57.6 1160 2.8 92.8
(235, 858) (0.6, 2.4) (2114, (10, 26) 0,0.1)  (-7.2,167.3) (762, 1733) (1.9,4) | (17.5,224.4)
Saudi Arabia ’ o 1674.9) ’ o I ’ " e
89.2
126 0.3 2723 20 0.1 (185 1239 2.9 76.4
Sudan (59, 269) 02,0.6)  (30.1,742.8) (13,29) (0,0.1) 296) (781, 1799) (19,42) | (-7.7,219.5)
74 0.6 250.3 5 0 54 303 23 14.4
Syrian Arab Republic (32, 165) 03,12) (374, 822.5) (3,7) 0,0.1)  (-36.8,77.2) (201, 439) (15,3.3) | (-31.4,90.4)
87 0.8 228 4 0 34 261 23 15.7
Tunisia (44, 158) (04,15)  (27.1,721.8) (3, 6) 0,0.1)  (-37.7,62.2) (165, 387) (15,3.4) | (-314, 86.8)
(Continued)
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TABLE 1 Continued

Incidence (95% Ul)

10.3389/fonc.2023.1276965

Deaths (95% UlI) DALY (95% UlI)

Counts ASRs Pcs in Counts  ASRs Pcs in Counts ASRs
(2019) (2019) ASRs (2019)  (2019) ASRs (2019) (2019)
1990- 1990-
2019 2019
8496 14 244 0.1 2.6 31123
North Africa and (6144, (1, (106.8, (0.1, (-24, (25882,
Middle East 11622) 1.8) 440) 0.1) 35.8) 37443)
145
3946 5 2882 200 02 21 11983 e 12
(2169, 6678) (2.6, 9) (66.9,767) | (144,273) | (02,03)  (-50.1,233) (8678, 16483) (o6, (-44, 40)
Turkey 20.3)
6.4
149 13 250.1 13 0.1 70.3 768 (38, 59.7
United Arab Emirates (68, 307) 0.6,2.5)  (47.1,716.7) (7,27) 0.1,02)  (-12,226.2) (410, 1519) 113 (-6.7, 206.9)
60 02 2267 13 0.1 104.1 743 24 87.3
Yemen (29, 122) (0.1,04)  (60.3, 572.8) (8, 18) (0,0.1) (31.2, 227) (467, 1101) (1.5,35) | (163, 221.7)

DALY, disability-adjusted-life-years. (Generated from data available from http://ghdx healthdata.org/gbd-results-tool).

In 1990 and 2019, the DALY rates of testicular cancer in MENA
were below the global DALY rates (ratio of MENA/Global DALY
rate < 1), except in individuals aged 1-14 years old. In 2019, the
highest MENA/Global DALY rate ratios were seen in the 1-4, 10-14,
and 5-9 age groups, while the lowest ratios were seen in the 25-29,
35-39, and 45-49 age categories. In comparison to 1990, in 2019 the
MENA/Global DALY ratios were lower among those aged 1-14
years old, similar in the 15-29 and 35-44 age groups, and higher in
all remaining age groups (Figure 2).

Relationship with the Socio-demographic
Index (SDI)

Between 1990 and 2019, the impact of testicular cancer steadily
rose up to an SDI of around 0.7, then reduced to an SDI of 0.8, and
then continued increasing to the highest SDI. Certain nations, like
Iraq, Jordan, Lebanon, and Turkey, demonstrated burdens higher
than expected. In contrast, Bahrain, Oman, Palestine, Qatar, the
Syrian Arab Republic, and Tunisia displayed burdens that were
lower than expected (Figure 3).

Discussion

In this research, we utilized data from the GBD 2019 project to
illustrate the impact of testicular cancer in the MENA region from
1990 to 2019. Our findings revealed a notable escalation in both the
incidence and overall impact of testicular cancer over the previous
thirty years. Moreover, the burden generally increased with
advancing levels of socioeconomic status and was highest among
the elderly and young adults.

Testicular cancer is a rare but highly curable malignancy,
accounting for approximately 1% of all cancers in men (18). In
the MENA region, we observed a surge of 244% in the age-
standardized incidence rate of testicular cancer from 1990 to
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2019. This increase is alarming, especially considering that
testicular cancer is highly curable, if diagnosed early (19). The
high incidence rates of testicular cancer in the MENA countries
could be as a result of population ageing. It may also be due to
various other factors, including changes in lifestyle and
environmental factors (e.g., exposure to endocrine disruptors) (20).

It is essential to highlight the substantial divergence in testicular
cancer incidence rates across MENA countries in 2019, with some
countries having much lower incidence rates than others. For
instance, Afghanistan, Yemen, and Palestine had the lowest
incidence rates, whereas Turkey, Lebanon, and Iran had the
highest. The observed differences in the incidence rates may stem
from differences in the prevalence of several risk factors, such as
undescended testes, testicular microlithiasis, genetics, and lifestyle
factors. Additionally, a lack of awareness and inadequate screening
programs in the region may result in delayed diagnosis and much
worse outcomes. Performing testicular self-exams stands as a simple
method for screening testicular cancer. However, several studies
have shown a considerable lack of public awareness regarding
testicular self-examination in the MENA countries (21, 22). This
may lead to untreated testicular microlithiasis, which is thought to
be associated with testicular cancer (23). In the MENA region, the
feasibility and impact of screening programs versus educational
initiatives can vary according to factors like the healthcare
infrastructure and cultural considerations. In this context, both
approaches could be valuable. Screening programs might require
robust healthcare systems, while educational programs could
enhance awareness. The choice might depend upon the specific
health landscape of each individual country in MENA.

The impact of testicular cancer in the region is further
highlighted by the fact that in 2019 it accounted for 31.1 thousand
DALYs and 520 deaths. Improvements in access to health care
services reduces the death rate from testicular cancer, so the
associated DALY rate can be used as a measure of access to health
services (24). The burden and incidence of testicular cancer vary
across countries in the MENA region due to a variety of factors,
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Total DALYs (Number)

FIGURE 1

Number of incident cases and incidence rate (A), number of death cases and death rate (B), and the number of DALYs and DALY rate (C) for
testicular cancer (per 100,000 population) in the Middle East and North Africa region, by age in 2019; Dotted and dashed lines indicate 95% upper
and lower uncertainty intervals, respectively. DALY = disability-adjusted-life-years. (Generated from data available from http://ghdx.healthdata.org/

gbd-results-tool).

including differences in the healthcare infrastructure, availability of
diagnostic tools, and access to treatment. It is possible that the
accessibility of chemotherapy and sonography will contribute to
these differences. The availability of chemotherapy drugs and the
capacity to administer them may also be limited in some of the
MENA countries. This could result in delays in treatment,
incomplete treatment, or the use of less effective treatment options,
which could result in less desirable outcomes. Sonography or
ultrasound imaging are commonly used diagnostic tools for

10.3389/fonc.2023.1276965
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testicular cancer (25). Sonography can be used to detect and
evaluate testicular masses and to monitor treatment response.
However, the availability of sonography may also vary across the
MENA countries. Some countries may have limited access to
sonography equipment, trained sonographers, or those able to
interpret the imaging results, which could result in delays in
diagnosis and treatment. It must be acknowledged that differences
in the burden and incidence of testicular cancer may also be
influenced by other factors, such as genetic predisposition,

Ratio of MENA/Global DALY rate per 100,000 population

B ; >
AL A R A

Age (years)

FIGURE 2

Ratio of the Middle East and North Africa region DALY rate to the global DALY rate of testicular cancer by age group, 1990-2019. DALY = disability-
adjusted-life-years. (Generated from data available from http://ghdx.healthdata.org/gbd-results-tool).
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and disease rates in all locations are shown as the black line. Each point shows the observed age-standardized DALY rate for each country in 2019
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environmental factors, lifestyle factors, and access to healthcare in
general. Genetic risk factors, especially mutations in the KIT and
RAS genes, are also risk factors for testicular cancer (3, 4). To the best
of our knowledge, there is no evidence to suggest that any of these
genes are significantly higher in some MENA countries than in
others. However, it is important to note that genetic predisposition to
cancer can vary across populations, due to differences in genetic
ancestry, environmental exposures, and lifestyle factors. Therefore, a
comprehensive understanding of the factors contributing to
differences in the impact of testicular cancer across the MENA
nations requires further investigation and analysis.

Throughout the measurement period, there were no
noteworthy fluctuations in the age-standardized death and DALY
rates of testicular cancer. In both 1990 and 2019, within MENA, the
DALY rate of testicular cancer surpassed the global DALY rate
among those aged 1-14 years old. Conversely, the global DALY rate
of testicular cancer reduced in the 1990s, possibly after the
implementation of new therapeutic routines and approaches. The
present study shows that the MENA countries have failed to address
the increasing incidence of testicular cancer. This led to 31.1
thousand DALYs and 520 deaths in 2019.

There have been several advances in the treatment of testicular
cancer since 1990. Some of the new therapeutic regimens and
evidence-based approaches for treating testicular cancer include
chemotherapy, surgery, radiotherapy, and immunotherapy. These
treatments are available in most regions, including in the countries
within MENA. However, the presence and accessibility of these
treatment options may vary according to the country and
healthcare system. Countries with a higher SDI included the new
treatment strategies into their healthcare systems more quickly and
more efficiently (26). Decreasing the DALY rates of testicular
cancer in MENA, especially among those countries with lower
SDIs, requires improvements in the healthcare infrastructure,
accessibility to healthcare, and health education.

The age-specific incidence patterns of testicular cancer in the
MENA countries typically showed a bimodal distribution, with
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rated from data available from http://ghdx.healthdata.org/gbd-results-tool).

incidence peaks in the 1-4 and 30-34 age groups. This pattern is
similar to that observed in other regions of the world. The incidence
rates of testicular cancer generally increase from childhood through
to early adulthood, peaking notably in the third and fourth decades
of life before exhibiting a gradual decline. The observed age-specific
incidence patterns suggest that implementing early detection
programs aimed at younger males could effectively alleviate the
impact of testicular cancer in the region.

It is crucial to emphasize that our study relies on the GBD 2019
dataset, which, unfortunately, lacks a number of specific details such
as ethnicity, histologic differences, and information about incidence
stages or therapeutic approaches. The GBD’s limitations in providing
such granular data impact our ability to delve deeper into these
aspects of testicular cancer. Nevertheless, our research offers valuable
insights into the overall trends of testicular cancer in the MENA
region. We also acknowledge the importance of clarifying the
population demographics in our study, particularly in countries
like the Kingdom of Saudi Arabia and the Gulf States. However, it
is essential to highlight the fact that the populations in these
countries are not homogeneous, primarily due to the substantial
presence of expatriates from Asian and Far East countries. This
demographic heterogeneity can introduce variations in cultural
backgrounds, lifestyles, and healthcare practices among the study
participants (27). While our study has provided valuable insights
within the scope of its objectives, we acknowledge the potential
influence of these demographic factors on the generalizability of our
findings. Future research endeavors may benefit from a more
nuanced examination of the impact of expatriate populations on
the health-related outcomes in countries within the region.

Strengths and limitations
The use of GBD 2019 data facilitates a thorough assessment of

testicular cancer’s impact in the MENA region, as it covers a wide
range of countries and years. Furthermore, the use of a systematic
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approach to data analysis increases the validity and reliability of the
findings. This study provides insights into the trends and patterns of
testicular cancer in the region, which can inform healthcare policies
and interventions to improve outcomes. However, it’s crucial to
acknowledge the limitations inherent in this study that warrant
consideration. The GBD 2019 database relies on modeling
techniques to estimate any missing data, which may lead to bias in
the results. In addition, the study is limited by the quality and
availability of data, which may vary across countries and over time.
Moreover, the analysis is limited to the parameters available in the
GBD 2019 database, which may not capture all aspects of the burden of
testicular cancer, such as the economic and social impacts on patients
and their families. Finally, the study does not explore the underlying
causes of the trends and patterns identified, which could provide
additional insights into the impact of testicular cancer in the region.

Conclusions

Over the past thirty years, there has been a large rise in the
burden of testicular cancer within MENA. This trend is concerning,
especially considering that testicular cancer is highly treatable. The
observed differences in incidence rates and age-specific patterns
suggest that targeted screening and awareness programs may be
effective in lessening the impact of testicular cancer in the region.
Additional research is necessary to identify the root causes of the
increasing incidence rates and to develop effective prevention and
early detection strategies.
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