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Materials and Methods: This study is a part of Global Burden of Disease (GBD)
2019 that contains epidemiological measures including prevalence, incidence,
mortality, Disability-Adjusted Life Years (DALYs), Years Lived with Disability
(YLDs), and Years of Life Lost (YLLs) of CNS cancers. Age standardization was
utilized for comparing different provinces.
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MAHDAVI ET AL.

1 | INTRODUCTION

Results: In 2019, 5811 (95% Uncertainty Interval: 2942-7046) national new
cases and 3494 (1751-4173) deaths due to CNS cancers were reported. National
age-standardized incidence (ASIR), deaths (ASDR), and DALYs rates were
7.3 (3.7-8.8), 4.6 (2.3-5.5), and 156.4 (82.0-187.0) per 100,000 in 2019, respec-
tively. Subnational results revealed that ASDR and ASIR have increased in the
past 30years in all provinces. Although incidence rates have increased in all age
groups and genders since 1990, death rates have remained the same for most age
groups and genders except for young patients aged under 15, where a decrease in
mortality and YLLs can be observed.

Conclusion: The incidence, deaths, and DALYs of CNS cancers increased at na-
tional and subnational levels. These findings should be considered for planning
and resource allocation.
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brain and central nervous system cancers, epidemiologic study, global burden of disease, Iran

reported epidemiological characteristics of CNS cancers
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Primary brain and spinal cord tumors, also known as cen-
tral nervous system (CNS) cancers, are estimated to affect
7 to 11 individuals per 100,000 person-years worldwide.'?
In a recent report by the Global Burden of Disease (GBD)
brain and other CNS cancers collaboration, around 330,000
novel CNS cancer cases have emerged worldwide. With
an estimate of 227,000 deaths and 7.7 million Disability-
Adjusted Life Years (DALYs), this fatal diagnosis imposes
a significant burden on every age group."* The enhanced
life expectancy of most age groups in the world,* along
with higher detection rates of CNS cancers, has inevita-
bly caused an increase in the incidence of neoplasms in
the geriatric population.”® As a result, age-standardized
estimates of CNS cancer incidence rates have risen signifi-
cantly from 1990 to 2017.2

Lack of efficient treatment along with significant inva-
sion and late detection is the significant factor in patient
morbidity and mortality. Early detection of CNS tumors
is paramount to expected survival since less resection of
brain tissue is required and, in most cases of early diagno-
sis, the tumor is resectable by surgery.” However, except
for some cases where relatives of patients are screened,10
the absence of a standard early detection method results
in patients often being diagnosed when neurological signs
have emerged, and the tumor has become large or has
spread to other regions.” Elongated diagnosis to expira-
tion interval due to medical advances has caused exacer-
bation of the medical and psychological comorbidities,®
quality of life indices, and health expenditures'™'* in
patients with CNS cancers, making the disease a signifi-
cant burden for healthcare systems. Previous studies have

in Iran and the Middle East and North Africa (MENA) re-
gion. However, lack of subnational or national focus on
Iran,>'>'* absence of rigorous data sources, and being rel-
atively outdated for the present time'>'® prompt the need
for up-to-date studies in this regard.

Studying the national and subnational burden char-
acteristics of CNS cancers can provide valuable infor-
mation for healthcare systems and health institutes to
optimize resource allocation and draft population-specific
policies in fast senescing and transition community of
Iran.'”'® The GBD study aims to measure the health im-
pact of all diseases from 1990 to the latest annual update.
This study used data from GBD 2019 Study™ to evaluate
Age-Standardized Rates (ASR) of incidence, prevalence,
deaths, DALYs, Years Lived with Disability (YLDs), and
Years of Life Lost (YLLs) of CNS cancers in the Iranian
population in 1990 and 2019, grouped by gender and 5-
year age groups. Furthermore, the changes in the afore-
mentioned indices between 1990 and 2019 were also
investigated to discover alteration trends.

2 | MATERIALS AND METHODS
2.1 | Data sources

The current study is executed as a part of GBD 2019,
which evaluates epidemiological variables, including in-
cidence, prevalence, deaths, YLDs, YLLs, and DALYs for
369 diseases and injuries, 286 mortality causes, and 87 risk
factors in 204 countries and regions. GBD 2019 contains
subnational data from 21 countries, including Iran.?**
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Data on the brain and other central nervous system can-
cers (B.1.22) were obtained from an online query tool, the
Global Health Data Exchange (GHDx), for 31 provinces of
Iran. Detailed methods for the GBD 2019 study have been
published previously.** Twenty-one sources were used to
analyze CNS cancers metrics in Iran reporting deaths, in-
cidence, and prevalence (Table S1).

2.2 | Mortality estimates

Cause-specific mortality was calculated from vital regis-
tration and cancer registry data using death to incidence
ratios. To improve the comparability of mortality data
sources, data were mapped to the GBD list of disease
causes, and three methods were utilized; (a) reclassifi-
cation and redistribution of codes that are non-specific
or unspecific; (b) Bayesian geospatial regression soft-
ware (CODEm, Cause of Death Ensemble model); (c)
CoDCorrect algorithm to adjust the single-cause mortality
estimates.

2.3 | Incidence, prevalence, YLLs,
YLDs, and DALYs estimates

Data from existing scientific reports on cohorts, regis-
tries, population surveys, micro-data from the registry,
cohort studies, and health system administrative systems
were utilized to obtain estimates for the incidence and
prevalence of CNS cancers. Survival (incidence) of CNS
cancers was extracted from mortality to incidence ratios
across various geographical regions and age categories.
Afterward, the 10-year prevalence was calculated for each
incidence cohort and was divided into four intervals; di-
agnosis and treatment, remission, metastasis, and termi-
nal. YLDs were obtained by multiplying the prevalence
of each interval by its disability weight and by adding the
procedure-related morbidity associated with treatment.
YLLs due to CNC cancers were calculated using norma-
tive global life expectancy and the number of deaths by
age. Finally, DALYs were calculated by summing YLDs
and YLLs.

2.4 | Decomposition analysis

The contribution of different factors, including population
growth, aging, and variations in age-specific incidence
rates to the witnessed CNS cancers new cases changes,
was examined. In the first step, the age structure and age-
specific incidence rate of CNS cancers in 1990 were ap-
plied to the population size of 2019. In the second step,

the aforementioned approaches were applied to the popu-
lation size of 1990. The interpretation of the mentioned
frameworks is as follows: (a) the difference between the
incident cases in the first and second steps is considered
as the contribution of age structure changes during the
past 30years; (b) the difference between the incident cases
of the first step and the actual incident cases in 1990 is
attributable to the population growth; (c) the differences
between the incidence value of the second step and the
actual incident values in 2019 is attributable to the age-
specific incidence rate changes.”

2.5 | Data analysis

Age-standardization was performed by applying a uni-
versal age structure from the year 2019. The ASRs of CNS
cancers for all 31 provinces of Iran were calculated using
the GBD world population standard and reported per
100,000 population. The 95% Uncertainty Interval (UI)
was obtained for each metric from the 2.5th and 97.5th
ranked percentiles of the uncertainty distribution by
choosing 1000 random samples from the posterior distri-
bution. Results are considered significant if the UI does
not envelope zero. The differences in values of each metric
from 1990 to 2019 were computed to calculate the total
percent change.

Socio-demographic Index (SDI), first introduced in
GBD 2015, was applied to assess the ASRs of CNS can-
cers with each province's socioeconomic status based on
an interpretable scale.” The estimation of SDI was based
on three factors: lag distributed income per capita, mean
educational attainment (aged>15), and total fertility rate
(aged<25). The SDI score ranges from zero to 1, with
higher values associated with higher income per capita,
educational attainment, and lower total fertility rate. Each
province was categorized based on the SDI quintile. All
data analysis and illustrations were performed using R
statistical package v4.1 (http://www.r-project.org, RRID:
SCR_001905).

3 | RESULTS

3.1 | Incidence, prevalence, and deaths

In 2019, 5811 (95% UI: 2942-7046) new cases and 23,225
(12,066-29,504) prevalent cases of CNS cancers have oc-
curred in Iran, showing a 2.3- and 3.2-fold increase since
1990, respectively (Table 1). Moreover, the total num-
ber of CNS cancers death cases in Iran was 3494 (1751-
4173), which has shown a 2.0-fold increase since 1990.
National Age-Standardized Incidence Rates (ASIRs)
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and Age-Standardized Prevalence Rates (ASPRs) of
CNS cancers in 2019 were 7.3 (3.7-8.8) and 27.7 (14.4-
35.1), respectively. Gender-specific results showed an
ASIR of 6.7 (3.4-8.6) for females and 7.8 (3.3-10.1) for
males; regarding ASPR, the rates were 25.4 (12.9-34.9)
for females and 30.0 (13.0-41.4) for males. The over-
all national Age-standardized Death Rates (ASDRs) of
CNS cancers were 4.6 (2.3-5.5), and reports by gender
revealed an ASDR of 4.3(2.2-5.3) for females and 4.8
(2.0-6.2) for males (Table 1). National and subnational
trends of ASPR, ASIR, and ASDR reveal an ascending
trend in the recent 15years after an initial steady trend
from 1990. Moreover, the ASDR pattern seems to be
reaching a plateau state as opposed to ASIR and ASPR
(Figures S1, S2).

National total ASIR has increased by 29.6% (—25.3-
57.5); female ASIR by 42.6% (—25.0-139.2); and male
ASIR by 21.2% (—29.3-64.1). Although national total and
male ASDR results showed a slight decrease in the above-
mentioned period (total: —1.1% (—43.8-22.9); male: —8.7%
(—45.2-22.3)), female ASDR rate has increased in this in-
terval (10.3% (—41.3-75.0)) (Table 2).

Subnational results revealed an interesting pattern;
in 1990 and 2019, Sistan and Baluchistan had the low-
est ASIR (1990: total: 3.0 (1.5-5.8); 2019: total: 3.9 (3.1-
5.1)); and ASDR (1990: total: 2.7 (1.5-5.2); 2019: total: 3.0
(2.4-4.0)) among all provinces, both in total and gender-
specific scopes. On the other hand, Yazd had the highest
ASIR (total: 11.1 (3.9-15.5)) and ASDR (total: 6.6 (2.2
9.2)) in 2019 in total and gender-specific results. In 1990,
Yazd again had the highest ASDR in total and gender-
specific results (total: 6.6 (2.7-9.3)) and the highest total
ASIR (7.6 (3.1-10.8)). However, in 1990, Ardebil had the
highest ASIR in females (7.2 (3.3-15.7)) and males (10.6
(5.7-18.4), but this pattern is not observed in 2019 results
(Table 1, Figure 1, Figure S3A, B). The gap between subna-
tional highest and lowest ASIRs has increased from 4.6 in
1990 to 7.2 in 2019, while the gap for ASDR has remained
almost the same in 1990 and 2019.

ASR estimates for each SDI group revealed an in-
creased gap between the highest and lowest ASPRs of
provinces in the same SDI group in 2019 compared with
1990. Moreover, in the high-middle SDI quantiles, the gap
between provinces for ASDR has increased in 2019 com-
pared with 1990 (Figure 2). Even though the ASIR rates
of CNS cancers showed an increasing pattern during the
1990-2019 interval in total and gender-specific results,
ASDR patterns were less uniform. Subnational changes
in ASDR and ASIR showed a uniform increasing pattern
after 2010, with some provinces showing an accelerated
increase after 2010 vs. before 2010 (Figure 3, region a) and
some provinces showing an inverted pattern where the
rate was decreasing before 2010 but has increased since

2010 (Figure 3, region f). Sex-specific trends were similar
for ASIR rates (Figure S4A) but showed more diversity in
ASDR rates (Figure S4B).

The decomposition analysis of new cases at the na-
tional level revealed that 53.6% of 130.3% increase in
CNS Cancers incident cases from 1990 to 2019 was due
to a rise in the age-specific incidence rate. Population
growth and population aging accounted for 44.0% and
32.7% increase, respectively. The same pattern was ob-
served for females (152.7%; Incidence rate change:
74.6%; Population growth: 44.9; Age structure change:
33.1%) but not males (114.4%; Incidence rate change:
40.0%; Population growth: 43.1; Age structure change:
31.3%). Decomposition results were more variable on
the subnational scale, with some provinces showing the
dominance of age-specific incidence rate change (e.g.,
Alborz), age structure change (e.g., East Azerbayejan),
or population growth (e.g., Hormozgan) toward the
overall change in new cases. An interesting finding in
gender-specific subnational decomposition results was
the negative impact of changes in male age structure on
the percentage of new cases in Sistan and Baluchistan
(Table 3, Table S2).

3.2 | Age distribution

Regarding the age composition of CNS cancers, new and
prevalent cases have increased in all age groups and gen-
ders since 1990. On the other hand, mortality rates have
remained the same for most age groups and genders, with
the exception of young patients aged under 15, where a
decrease can be observed. The general age and gender pat-
tern of incidence and expiration has mostly remained the
same between 2019 and 1990. The prevalence pyramid,
however, shows more structural changes in this interval
(Figure 4, Figure S5).

In 2019, patients older than 55 accounted for 38.5% of
all new and 17% of all prevalent cases. Consistently, al-
most 55.8% of CNS cancers mortality was among patients
aged 55 or more. Incidence changes were more prominent
during the past 30years in patients over 55, where the rate
was increased by 29.2%. Moreover, mortality rates have
also increased by 15.1% (Figure 4).

3.3 | YLLs, YLDs, and DALYs

On the national level, overall DALYs number of CNS
cancers increased, albeit not statistically significant, by
40.5% (—27.9-81.4) from 1990 to 2019. In addition, 33.4%
of the DALYs data occurred for patients aged >55years.
The increasing trend of DALYs is consistent with YLLs

85U801 7 SUOWILLOD SAIERID B|deot(dde ay) Aq peuenob 812 ssjo1e O 8sn oS3 1o} Akeuq 1 8UIIUO AS|IM UO (SUONIPUOD-PUE-SWISILIOY A8 |1 AReJq 1 U IUO//SANY) SUONIPUOD Pue swis 1 8L 89S " [£202/0T/6T] Uo AriqiTauliuo A8|im Bingmid seousios petiddy JO AN d1joymeD AQ £6GS #LUIED/Z00T OT/I0P/L0Y A8 | ARIq1 Ul juo//Sdny WO pepeojumoq 'L ‘€202 ‘vE9.Sk0e



20457634, 2023, 7, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/cam4.5553 by Catholic University Of Applied Sciences Freiburg, Wiley Online Library on [19/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

8619
-WILEY

ICIne

Cancer Med

MAHDAVI ET AL.

(LTe-L'85—) TeT—
(r'LE-0'TS—) TET—
(¥'92-6'LS—) T61—
(P91-€95—) T'8T—
(87P-T19-) S'LT—
(FrrI-6'1S—) 67—
(#'5-8'95—) ¥'TT—
(6'Ty-L'65—) 8T—
(9°L9-T'SS—) #'1
(L6v-L'LS—) ¥TT—
(9TL-8¥P—) €L
(7'€2-€'€9-) S'CT—
(8'TS-T95—) S’ TT—
(6'€2-6'79—) 8'97—

('89-8'55—) €€~
(€°0L-L'9%—) 6S
(S°06-S'%9—) 9°02—
(7'62-€'95—) ¥'€2—
(5'82-T'LS—) S'0C—
(9°0S-8'1S—) 9°S—
(Trr-5'8y—) ¥'8—
(€°6L-8'€5—) L'6—
(0'0v-6'75—) 8'€1—
(€S-t 9r—) T9—
(T'19-L'6¥—) L'T—
(9°19-§'8v—) TT—
(6'81-6'85—) 8'97—

(9°€T-L'85—) €6~
(9°56-€'€5—) S91—
(5°69-5'LS—) 9%—
(F6v-6'Ly—) ¥'6—
(T'v1-02$—) T'91—

W

(€7L-5'09-) 8'€T—
(6'18-0'8y—) L'T—
(geL-ces—)TL—

(T'vL-€'85—) 8'ST—
(9CII-¥¥S—) +'9

(€°L81-00v—) £°€C
(¥'96-L4S—) S'S—

(S€6-L5—) 8'L—
(6'701-5°L5—) 9T

(8%21-€'15—) 01

(L'9€1-6'96—) 9°€T

(§'99-6"85—) €'ST—

(T'v0T-L'65—) L'0—

(F'6L-T'L9~) ¥'LT—

(£'8¢T-6v—) 0°CL
(€£'921-¥+€-) ¥'#T
('S8-1'65—) ¥'9—
(S'6L-8'95—) L'0T—
(928-9'05—) LT~
(SSTI-€Tr—) S'IT
(€°621-56v—) 69
(LTIET-865—) SY
(T18-L'€5—) LY~
(T'98-¥'Ly—) €T
(0°LTT-S'9%—) 0'F1
TII-T'+v—) 9°6
(0°8L-L'95—) T0T—

(§°SL-1'99-) 671~
(T¥6-8'25—) 91—
(L0T1-€09-) 8'T
(8+0T-S2S—) L'0
(6°L9-T'TS—) ¥'T—

d

(8'L-€'SS—) 661~
(T'92-S'¥—) 9'L—
(9°€T-€'15—) 9¥1—
(9°8-8:05—) 87T~
(L'0e-T'¥5—) S'8—
(6°'TET-00v—) 8°€
(L'81-6'8v—) 671~
(8'5€-7'€S—) 9°€T—
@ Tr-67T5—) ST
(665-6'T1S—) T'€—
(TLs-TLE-) THT
(S€T-¥S—) 9°61—
(r'1€-8'05—) ¥'8—
(#'11-8'09—) €2~

(€'67-9'5v—) 0T
(8'85-€'8¢—) I'€T
(T'0T-L'85—) €'S1—
(S9T-9'1S—) €'61—
(S'61-T'8%—) €61~
FrP-0Tr—) 9T
(re-Tsy—) €€~
(6'9L-€'TS—) T'H—
(8'72-€'6v—) 01—
(Toe-TTr—) Te—
(S'6v-6'T7—) 8%
(F'8y-T0r—) T'E
(L'6-97S—) €02~

(TT1-9%5—) TTe—
(T0e-L'8%—) €01~
(0sv-T'55—) 6°T—
(8'LE-T'€p—) L'S—
(§8-T'05—) L'0T—

L

(6'€€~t'Ly—) ¥'TT—
(6'Tr=€'Lv—) 16—
(9or-t6v—) L'L—

(9 Tc-tes—) vee—
(S'¥S-L'25—) 69—

(STT-€'SP—) 6°€
(8'TE-0'6v—) L'€ET—
(T'zy-0'55—) STI—

(98-§€v—) T'9T

(T6S-0'1S—) ¥'v—
(6'L8-5'6€—) 9'ST

(8'82-T65—) S'LT—
(Ts9-T9¥—) T0—

(S$'67-6'95—) ¥'61—

(6'6L-T'0S—) 'S
(S28-0'¢h—) 9'IT
(8'0v-€'95—) TOT—
(L0g-T€S—) 6'61—
(STe-8'€5—) 6'9T—
(069-T9%—) LT
(915-T'Th—) LT~
(6'TL-€'1S—) ¥'9—
bS—LLy=) Th—
(Tss-TLE-) 9T
(r9L-L'Sv—)T9
(LyL-8'Sv—) 9°€
(6'LT-T°05—) L'9T—

($°ST—'15—) €'81—
Ovr-8vh—) 8'L—
(r€6-8'Th—) 9°ST
(0S9+'1¥—) T1—
(€TT-TSh—) L'8—

n

(S'6L-0°Ly—)S'T
(T'88-+'0v—) 9'8
(8°'L6-T6€—) 6'CT
(s'18-8'CS—) T'L—
(9°611-9%7—) 991
(6'8¥1-9°0€—) 8°0€
(LT01-T'Ly=) T'S
(006-8v—) 9T
(€e1-T'Lv—) 8°0C
(FveT-0v—) 9°€C
(S'L¥1-6'06—) 8'€€
(9°€L-6'05—) S'v—
(6'€TT-6'0S—) 0°0T
(8°98-L¥5—) 9'T

(6'0VT-LTv—) 9'TC
(e€1-T06-) S'I€E
(Ts6-T'8%—) 0’8
(L8-1'8%—) 6'0
(re8-Tvr—) ¥'9
(T1E1-676—) S'9C
(9ev1-TLE—) L'€T
(L'Le1-S'6v—) 991
@T¥6-9Tr—) L'6
(T'€6-8'5€—) 9'ST
(8'SET-0'9€—) S'0€
(e°6TT-5'5€—) T'ST
(0s8-t'vv—) 6%

(T'SL-L'09—) §9—
(1'96-+'77—) 8'6
(LesT-TLy—) 01
(€80T-L¥7—)S'6
(0sL-€'T=) €01

L

(6T Th—) 69—
(r9¢-8'8¢—) ¥'0—
(S'€€-6'T7—) T0—
(TY1-6'Sh—) T9T—
F0r-877—) 91
(T'€01-9€-) ¥'TT
(6'6T-L'65—) 8'S—
(8'9¢-6'7—) €9~
(8'59-TTv—) L'LT
(8'0S~+'¥7—) S'9
(e'SL-LTE-) teT
(SLT-S'87—)9'CI—
(6:97-0Tv—) TT
($°81-6'0S—) 0'CI—

(979-6'8¢—) €'TT
(8°L9-0ve—) v'61
(9€€-T°05—) 6°€—
(L'Te-T'97—) S'€1—
(8'€T-LEh—) 8L~
(0°S9-+vE—) T'€T
(T'05-8'5€-) 6'S
(6v9-L9v—) LT
(8'18-t'2C—) 0°0€
(L'0S-v'T€-) 99
(8'69-9°5€—) 991
(0°69-5'9¢—) €°TT
(vee-¢tv—) L'8—

(T81-0°Ly—) I'ST—
(T'6€-T'6€—) 90—
(ToL~+'0v—) 09T

(T9s-T'LE-) 9T
(6TT-8'¢h—) T'T—

L

(8°€L-L'9¢-) 6°CT
(LET1-9%2—) 0'S€E
(L'18-6'86—) S'9T
(L'€9-¥'8€—) 1T
(L'10T-6'€y—) L'ST
(8¥ST-+9¢—) 681
(6'6L-8°0€—) 09T
(T'66-1'6€—) ¥'8T
(8'LET-6'ST—) €6
(€'501-6'6€—) 6'TC
(S°'89T-L'81—) 8'T9
(6'SL~7'9%—) 6'6
(6¥11-58C—) T'I€
(6'0L-0¥—) 6°€

(€991-9°52—) 6°CS
(€'LET-L'€T) 6'LY
(TL8-€'Ly—) TYT
(roL-s'6£-)T9
(€T Tv—) L9
(6:02T-1°S2—) L'LE
(9°011-6'12-) 0°S€E
(6%T1-L05—) T'9C
(T'S0T1-L7€-) £
(9°001-€°52—) 8'8C
(S'€€1-6'ST—) 8'¢t
(9°6€1-8'ST—) TY¥
(S'69-+v€—) 9L

(9°L8-1'S€—) ST
(9°56-L'67—) 0°CC
(T LyT-TIE-) ThY
(S'LET-S°L1-) €°S¥
(Tv9-€'62-) TTC

W

(0°L¥1-T0v—) ¥'8T
(8'S8T-€'81—) 6'SS
(6'6ST-€°1€—) 8'6€
(6'TH1-S'Tv—) 8'LT
(6'961-0%€—) 0S
('0zz-8'61-) 6°TS
(TL81-0€€—) S'OF
(£'851-6'9¢—) £°T¢
(€°L61-67€—) T'SS
(L'00T-€°L2-) T'9S
(csTTy—) T'Y8
(S'0PT-L'8€—) 64T
(€'T81-6'8€—) 6°S
(e evT-€'8v—) e

(T¥8T-T81-) T'LL
(L91T-T6-) ¥EL
(ST9T-T'S€—) 8'8¢
(8'IST-9'5€—) 8'8C
(9€1-0'82—) T'SE
(€'902-SC1—) S'¥9
(¥'8TT-€'12—-) T6S
(T'L0T-9°65—) 6'LY
(9791-€7€-) 6°6€
(T1S1-8°€C-) v'Tk
(§'s0T-0'0C—) €°L9
(TTIT-L1-) 0'89
(s'LST-€72€—) 9€¢

(L'8ST-T+v—) ¥'ee
(0°SLT-S'8T—) L'
(6'STT-0'9€—) €°€S

(612-87¢—) T'8S
(T6ET-05C—) 9T

L

(8'L5-8'T€—) T8I
(0T0T-T'€1-) €°5F
(8'69-T°0€—) T'ST
(8'67-00¢—) 6'8
(T's8-z'ee—) 0°0¢€
(8¥¥1-8%C7—) ¥'8C
(T'6L-0"€T—) T'9¢C
(0'16-0'TE-) THT
(8'8TT-T'€2—) T'TS
(£¥6T-297) T'SST
(STYT-8v—) T'IL
(€'65-¥'2€—) 9'ST
(€¥6-1'ST—) 0'SE
(T'85-8°0%—) €01

(L°LET-S'0T—) L'T9
(8'611-T'T1-) 8'LS
(TeL-€€€—-) 6'TC
(€65-T67—) TET
(1'09-5'9¢—) 6'LT
(9¥11-6'€1-) T61
(T96-591-) €°Tv
(T611-T62—) SPE
(8'18-+'2—) 0°0€
(€06-L9T—) S'€€
(€'€T1-8%1-) 8'€S
(T0Z1-9°€1-) 0°SS
(8°09-6¢—) €8T

(L99-6'97—) L'6T
(998-9'1¢—) €°1¢€
(L'8TT-T'LT—) 0'9F
(Tee1-9'6-) 8°61
(s°L5-€'5T—) 96T

L

(%) sx1va

(%) sureaa

(%) 2ouapuy

"IN %S o1e sisayjuared Ul BlR( :2JON

uefuez

pzex
ue(£eqIozy 1Soam
UBIYD]L,
UeSeIOUy YINos
ue)SIYON[Eg pue ue)sIS
UBUWRS

wod)

UuIAZed)
UBSEIOUY YIION
UBIEPUBZEIA!
1ZBY TR
UB)SAIOT
ue)SIpInyy

pewryy-1040g
pue yaAnyiSyosy

ue)saznyy
TABZEY-9-UBSEIOU]
YRYSUBULIOY
URULIDY

ueyejS|

wrefy

ueSZOwIOH
uepawe
uejsa[0n

ue[r

s1eq

uefoheqrozy jseq

enyyed
pue [eRURIA IBURYD

yaysng
1199p1v

ZIOq[y [euoneuqns

(3o arqnday orwre[sy) uely

uonedo

X3S £q ‘6T0T 0} 0661 WOIJ S[OAJ] [BUOHBUQNS PUE [BUONBU J€ SJeI SX TV PUE ‘SYIBp ‘Q0UpIoul paziprepueis-oSe oy ur 95ueydo juadied 7 ATdV.L



MAHDAVI ET AL.

8620 .
—I—Wl LEY_Cancer Medicine _

Incidence Prevalence

2019 2019

Age-standardized rate Age-standardized rate

(per 100,000) (per 100,000)

| <48 | <100

O [481t059) 0 [10.0to 12.8)

O [5.91t06.6) O [12.8t0224)

@ [6.6t07.4) @ [22.41027.9)

| 274 | =279
Deaths DALYs

2019 2019

Age-standardized rate
(per 100,000)

Age-standardized rate
(per 100,000)

<39 <1416

| =

O [39104.3) O [141610 152.7)
O [“43t04.7) O [152.7 to 166.9)
B [4.71052) B [166.9 to 188.7)
w252 m 21887

FIGURE 1 The subnational age-standardized rates of epidemiological measures in 1990 and 2019, both sexes.

Incidence Prevalence
1990 2019 1990 2019
@ "
@ g 0
“0 ° “0 “0 3 o we
g g Yy
2 v @ «® " =8 azy @ e
£ *8 ® H @t * °
E %0 e ° L | xe ° z W we 58
H “e e Vfé' e @ "o H 8 o L] «®
L
5 ©® w o Eg =0 =
H =8 e ° " =8 " we ® $8 - w®
§ ET) §
2o ) . g " e
3 G e ™
13 4 iy e -] w0 =8 N x
< @ <, ™ &0 we
«® s e ) & kY
@ R @ Ty
. e
LowSDI  Low-middeSDI _ Middle SDI_ High-midde SDI__High SDI LowSDI  Low-midde DI Middle SDI_High-micde SDI__ High SDI LowSDI  Low-miade SDI_ Middle SDI_High-micdle SDI__ High SDI LowSDI  Low-miadeSDI_ Midle SDI_ High-micdle SDI__ High SDI
Aborz g Bushehr o Essthzaayean o Glan g Hamadan lom g Kermar @ Khorsan-e-Razavi o, Kohgiluyeh and Boyer-Atmad g Lorestan o, Mazandaran o Qazvin ¢ Semnan South Knorasan g West Azarbaysjon . Zanjan
) &) EA) @) ) Wa [ B) o] M) @ (s ) wa) 2}
Y Ardebil @ Chahar. Mahaal and Bakhtiari ars Y Golestan @ Hormozgan o han g Kermanshah (huzestan e irdistan ° farkazi o No Khorasan ° om Sistan and Baluchistan o [ehran Y 12d.
(AR) M (F4) (60) (HG) (€S) (6K) (K2) (KD) (k) (KS) (@) (s8) (TE) o)
Deaths DALYs
1990 2019 1990 2019
"we w@
@ ]
o e B - ™ e ne
e =
e we =8 e gs .
° 0 o
o «e we =0 % <@ we %0 =0 ue
. 58 L) il we N £ e
o 8 . us < w0 e
48 oe e ° w H e oo Ty e «o °
3 @ "o ] a w
}2 L] E o 7 a e 2 ] -
8 it 3 =e e ) Ee it e ia “8 = =0
oo =8 . - - 3 ° ste e
3 @ w o
e e 2 ° ”
«® e a0
o B o® e
LowSDI  Low-middleSDI _ MiddleSDI _ High-middie SDI _High SDI LowSDI  Low-middleSDI _ Middle DI High-middie SDI _High SDI - LowSDI  Low-middleSDI _ MiddleSDI _ High-middie SDI __ High SDI LowSDI  Low-middeSDI _ MiddleSDI _ High-middie SO High SDI
SDI quintile DI quintile

FIGURE 2 The subnational age-standardized rates of epidemiological measures by socio-demographic index (SDI) in 1990 and 2019,
both sexes.

and YLDs with a 39.2% (—28.5-80.0) and 174.0% (49.3- ASR DALYs for CNS cancers revealed a national rate of
259.1) increase since 1990, which implies a steeper slope 156.4 (82.0-187.0) in the total population with a female-
for YLDs. The aforementioned dynamics can be observed specific rate of 147.0 (76.0-184.9) and a male rate of 165.7
in the decreasing course of YLL to YLD ratios over the (72.9-213.1) per 100,000 population in 2019. Subnational
1990-2019 period in all provinces, pointing to a promi- results showed that 11 provinces had a higher ASR of

nent increase in YLD rates (Figure 5). Despite this obser- DALYs compared with the national results; Yazd had the
vation, however, the majority of DALYs still come from  highest value, 218.1 (77.1-302.9). Furthermore, compared
YLLs (Figure 6). with national values, gender-specific subnational results
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FIGURE 3 The distribution of national and subnational changes in age-standardized rates of epidemiological measures, 1990 to 2010 vs

2010 to 2019, both sex.

revealed that 12 provinces had higher DALYs rates for
females and 15 for males. In both genders, Yazd had the
highest rates (Male: 220.8 (64.7-345.1); Female: 215.1
(74.6-310.3)) (Table 4).

ASR of DALYs trend displayed a steady pattern
(Figure S5) with a percent change of —10.7% (—50.1-8.5)
for the total population, —2.4% (—51.1-67.9) for females
and —16.1% (—52.0-14.1) for males between 1990 and 2019
(Table 2). Subnational results in the whole population
showed that four provinces, East Azerbayejan, Khorasan-
e-Razavi, Markazi, and Qom, had strictly decreasing
DALYs during the past 30years, although the slope has
become blunted after 2010 compared with the 1990-2010
slope (Figure 3). Gender-specific results, however, dis-
played a different pattern; only Qom had a decreasing
DALYs rate in the female population while several prov-
inces showed a decreasing rate in males (Figure S4).

ASR DALYs rates showed prominent changes in the
under 15 population, in both males and females, where
the rates decreased in 2019 compared with 1990 in most
gender-age groups. Moreover, individuals aged over 55
were the main contributors toward total national DALYs
(Figure 4). The abovementioned pattern is also observ-
able in subnational results (Figure S5). Gender-specific
results revealed that while female DALYs in all provinces,
except Qom, still had a positive percent of change after
2010 compared with the 1990-2010 interval, the percent
of change for male DALYs was negative in several prov-
inces, such as Yazd, both before and after 2010 (Figure S6).
Regarding further decomposition of DALYs results, the
most contributing factor was YLLs, both in 1990 and 2019,
with YLDs contributing slightly (Figure 6, Table S3). In

spite of this observation, the YLDs have increased since
1990, as observed in the decreased YLLs to YLDs ratios in
all provinces and both genders. Furthermore, Sistan and
Baluchistan had the highest total YLLs to YLDs ratio both
in 1990 and 2019. Further investigation of age structures
revealed that, compared with 1990, in 2019, a significant
YLLs decrease is observable in almost all provinces for pa-
tients under 20, while results for individuals aged 20-54 or
older show only slight changes.

4 | DISCUSSION

This study investigated the burden of CNS cancers in Iran
at national and subnational levels. It was observed that
the national burden of CNS cancers, conveyed by ASIR,
ASDR, and ASPR rates, has been increasing during the
past 15years in both males and females. On the other
hand, DALYs rates have slightly declined compared with
rates in 1990. Our results are consistent with findings of
previous GBD studies where global age-standardized inci-
dence rates for CNS cancers were increasing, but DALYs
were decreasing.'”? Moreover, contrary to the results of
these studies, the pattern mentioned above is observed in
all Iranian province SDI groups. The increase in incidence
is more prominent in high SDI regions, but the DALYs
rate remains comparable to low SDI regions. The increase
in incidence is most likely due to a general advancement
of medical science and system in the country.” Since pa-
tients in high SDI regions have access to more specialized
health centers, the disease is more likely to be detected,
and better treatment options are available. As a result,
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TABLE 3 Decomposition analysis of CNS cancers new cases between 1990 and 2019 at national and subnational levels, by sex

1990-2019 new cases change cause

Population growth Age structure Incidence rate 1990-2019 new cases
(%) change (%) change (%) overall change (%)
Location T F M T F M T F M T F M
Iran (Islamic Republic of) 440 449 431 327 331 313 53.6 74.6  40.0 130.3 152.7 114.4
Subnational Alborz 954 99.0 920 593 719 498 127.8 149.5 116.0 2824  320.5 257.9
Ardebil 109 109 10.8 19.3 241 142 62.6 73.6  53.8 92.8 108.5 82.8
Bushehr 714 64.7 78.0 455 449 443 67.0 93.7 46.6 1839 203.3 168.9
Chahar Mahaal and Bakhtiari 353 36.0 34.8 364 362 338 36.8 588 264 108.6 130.9 94.9
East Azarbayejan 18.2 181 18.2 277 271 26.0 260 493 11.8 720 94.5 56.0
Fars 359 36.5 354 343 29.0 371 95.5 110.3 85.7 165.7 175.8 158.1
Gilan 11.6 11.7 114 46.1 46.5 46.2 85.1 104.4 71.7 142.8 162.7 129.3
Golestan 439 443 435 332 369 286 59.0 75.6  49.7 136.1 156.8 121.9
Hamadan 3.4 5.1 1.8 229 21.7 228 41.2 52.5 345 675 79.4  59.1
Hormozgan 105.0 1051 1049 242 32.0 16.0 88.2 1159 70.7 217.4 253.0 191.6
Ilam 32.0 33.7 304 334 350 285 77.9 101.8 66.9 1434 170.5 125.8
Isfahan 371 39.7 34.6 372 347 397 87.1 111.2 69.5 1614 185.6 143.8
Kerman 783 76.0 80.5 36.3 357 344 41.7 74.3 19.7 156.3 186.0 134.7
Kermanshah 16.3 18.7 141 40.0 40.6 359 21.0 424 123 774 101.7 62.3
Khorasan-e-Razavi 414 41.7 411 19.2 17.8 18.1 37.0 61.3 22,6 97.6 120.7 81.8
Khuzestan 522 532 513 348 354 333 113.7 142.7 94.8 200.7 231.2 179.3
Kohgiluyeh and Boyer-Ahmad 51.9 519 520 161 146 161 1162 141.8 101.4 1843 208.3 169.5
Kurdistan 33.8 342 335 223 212 201 18.4 343 101 745 89.7 63.7
Lorestan 143 155 132 389 46.0 31.1 56.5 76.5 47.6 109.7 138.0 919
Markazi 19.2 185 199 317 304 315 266 363 208 775 852 721
Mazandaran 31.5 313 316 499 53.6 464 128.9 1493 114.7 2103 2341 192.8
North Khorasan 37.5 376 373 256 285 212 58.8 91.7 374 1219 157.8 95.9
Qazvin 399 404 393 36.4 36.8 347 92.7 98.0 89.8 169.0 175.3 163.9
Qom 84.1 858 824 50.6 49.0 51.0 59.5 752 479 1942 210.1 181.3
Semnan 549 571 529 364 370 363 51.5 79.2 352 1428 173.3 121.7
Sistan and Baluchistan 101.9 102 1019 1.9 13.5 —-6.8 52.8 112.7 25.5 156.6  228.2 120.5
South Khorasan 242 241 244 11.7 19.7 4.8 43.2 73.5 261 79.1 117.2 55.3
Tehran 63.8 673 60.5 356 37.7 33.6 16.7 33.6 4.7 116.1  138.6 98.8
West Azarbayejan 46.6 46.8 46.5 239 198 245 39.3 599 263 109.8 1264 973
Yazd 69.2 703 68.1 37.6 325 444 97.3 1154 799 2041 218.2 1924
Zanjan 216 221 210 286 28.7 271 29.0 441 202 79.1 949 68.3

even though the incidence of CNS cancers shows a higher
increase in high SDI regions, the DALYs rate remains
similar to low SDI provinces, affirming previous results
that CNS cancer prognosis is significantly affected by eco-
nomic status.*®

Although the gap between the highest and lowest
ASIR among provinces has increased since 1990, the gap
for death rates has remained approximately the same. In
2019, Sistan and Baluchistan had the lowest ASDR and
ASIR among provinces, while Yazd had the highest rates

for both males and females. The observation that Sistan
and Baluchistan had the lowest ASIR and ASRD in both
1990 and 2019 is most likely due to the low socioeconomic
status of this province, causing poor patient care and high
patient missing rate. This can further be affirmed by the
observed high rate of YLLs to YLDs ratio in this province.
CNS cancers impose a significant burden on healthcare
systems even though they are not among the top preva-
lent cancers of the human body. This seemingly paradox-
ical observation is due to the complicated nature of the
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FIGURE 4 The rates of epidemiological measures by age composition at the national level in 1990 and 2019; the plot is further
decomposed based on sex.
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FIGURE 5 Subnational YLLs to YLDs ratios in 1990 and 2019, both sexes.

disease and currently available treatments. Highly spe-  of biopsy, invasive surgical resection, radiotherapy, and
cialized medical and surgical interventions are required chemotherapy are often required.?”’ Therefore, for proper
for diagnosis and long-term management of the disease, treatment, access to advanced neurosurgical teams,
where multidimensional approaches with a combination intensive care units, and professional radiation and
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FIGURE 6 Subnational distribution of YLLs and YLDs rates. The diagrams are plotted in age-standardized, under 20, 20-54, and above

55 modes.

neuro-oncologists is required, all of which are primarily
located in urban and affluent areas with advanced med-
ical services.?® Furthermore, low incidence of neoplasms
such as CNS tumors, compared with other cancers, re-
sults in an attributed low priority in regions with limited
resources, decreasing the probability of early diagnosis
and patient survival. The aforementioned factors are sup-
ported by reports that improved socioeconomic status of
a region causes an improvement in the prognosis of CNS
and other organ system cancers.**!

While gender decomposition of ASIRs revealed highly
similar patterns of change for males and females over
time, this pattern was more distinct in ASDR results, with
males showing accelerated rates after 2010 compared
with the 1990-2010 interval. Furthermore, dissimilar-
ities were present for the DALYs percent of change re-
sults, when trends were compared after and before 2010,
between females and males. Gender disparities are pres-
ent in the incidence and mortality of cancers and other
non-communicable diseases. Overall, males are more
prone to developing cancers and show more inadequate
responses to treatments.>*>* Furthermore, Glioma, a fre-
quent CNS cancer in adults, is more likely to occur in men
and is accompanied by distinct oncogenic mechanisms.
Moreover, gender disparities are also observed in pediat-
ric CNS Cancers.>*® Observed disparities in different ASR
trends in this study are probably from a mixture of afore-
mentioned factors along with the improved social and
economic status of females in Iran in the past 20years.

While a significant portion of CNS cancers mortality
in Iran still comes from individuals older than 50, ASDR

rates have decreased in the under 15 population in 2019
compared with 1990 in males and females on national as
well as subnational data. Moreover, DALY rates decreased
in 2019 compared with 1990 overall and in most subna-
tional regions. Further decomposition revealed that YLLs
comprise a significant portion of DALYs caused by CNS
cancers, and they show changes similar to DALYs rates;
YLLs have decreased for patients under 20 while remain-
ing largely unchanged for other age groups. These results
are consistent with a previous GBD study investigating the
global burden of CNS cancers' and with reports indicating
survival has improved in younger individuals with most
histological subtypes of CNS tumors in recent years.*”*
Moreover, the majority of DALYs are from YLLs because
even with advanced treatments, the course of CNS can-
cers, especially in adults, is often poor, and significant
mortality is observed in these patients. Several initial
symptoms of the disease, such as headache and seizures,
are common and non-specific. Along with this, the lack of
a solid screening protocol adds to the complexity of early
diagnosis of CNS cancers,* and late discovery of the dis-
ease often leads to poor prognosis.’

One key point to note is the role of environmental vari-
ables and risk factors which are not yet completely clear
for CNS cancers, and further studies are needed in this
regard.” These factors can cause some of the observed
disparities in the burden of CNS cancers between differ-
ent regions. Although a positive association between CNS
cancers and ionizing radiation has been established,‘u’42
the role of other potentially hazardous factors, such as
mobile phone radiations, is not yet completely clarified.
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More studies are needed to discover other risk factors for
CNS cancers and the degree to which environmental fac-
tors contribute to the incidence of CNS cancers.!

4.1 | Strengths and limitations

The GBD data provide one of the most accurate esti-
mates for the incidence, death, and burden of all cancers.
Furthermore, for the first time, GBD 2019 has released
subnational data from 21 countries, which provides the
opportunity to assess cancer epidemiology aspects in dif-
ferent regions and provinces within a country. Despite all
these strengths, the limitations of GBD studies cannot be
overlooked. The GBD estimations, similar to the other es-
timation groups such as GLOBOCAN, primarily rely on
the quality and quantity of modeling data. The incongru-
ent variability of high- and low-quality causes of death
and cancer registry data are reflected in 95% uncertainty
intervals. Moreover, the reliability of cancer registry data,
especially those from low socioeconomic regions, is ques-
tionable. This is one of the main reasons for several GBD
modeling processes, including redistribution of miscoded
deaths, garbage codes, and modeling based on mortality
trends. Considering the risk factor analysis of GBD stud-
ies, the data on risk factors of CNS cancers are not re-
ported, mainly because these factors are not yet totally
uncovered and understood well. More studies are needed
to unravel possible regional and global risk factors for
CNS cancers.

5 | CONCLUSION

In this nationwide epidemiological study, metrics and the
burden of CNS cancers over a 30- year period in Iran were
discussed. Incidence, mortality, and prevalence of CNS
cancers increased in the past 15years, but DALYs showed
a slight decrease, a trend also observed on a global scale.
The DALYs burden of CNS cancers was mainly due to
YLLs, resulting from the complex nature of the disease.
With the improvement of socioeconomic status, the in-
cidence of CNS cancers increased in most provinces, al-
though the DALYs remained roughly on par with low
SDI regions. This was probably due to a general medical
advancement in the country and polarization of medical
care in high SDI regions. Although the high rate of YLDs
indicates the great need for rehabilitation programs and
economic consequences. Noticeable gender disparities
were present for several variables, such as ASDR. Finally,
although a significant portion of the CNS cancers mortal-
ity still comes from patients above 50, mortality has de-
creased in young patients aged under 15.
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