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Abstract. - OBJECTIVE: Primary central ner-
vous system (CNS) cancer is a predominant
source of mortality and morbidity globally. This
study aims to analyze the burden and variation
trends of CNS cancer in China from 1990 to 2019.

MATERIALS AND METHODS: In this cross-sec-
tional study, we analyzed people of all ages with
CNS cancer in China from January 1, 1990, to De-
cember 31, 2019. We collected the data including
incidence, deaths, and disability-adjusted life-years
(DALYs) from the Global Burden of Disease (GBD)
study 2019. The age-standardized incidence rate
(ASIR), age-standardized death rate (ASDR), and
DALYs rate were compared by age and sex.

RESULTS: In 2019, there were more than 94
(95% uncertainty intervals [CI]: 73-114) thousand
incident cases, 63 (47-76) thousand deaths and
2.0 (1.5-2.5) million DALYs due to CNS cancer
in China in 2019. From 1990 to 2019, the abso-
lute number of incident cases, deaths, and DA-
LYs increased by 107.0% (39.0 to 169.0), 67.0%
(12.0 to 117.0), and 16.0% (-23.0 to 63.0). The
ASIR increased by 28.0% (—16.0 to 64.0). ASDR
and age-standardized DALYs rate decreased by
—10.0% (—40.0 to 15.0) and —22.0% (-50.0 to 10.0),
respectively.

CONCLUSIONS: The overall burden due to
CNS cancer in China remains high, as evidenced
by the sharp increase in the incident cases,
deaths, and DALYs from 1990 to 2019. Elderly pa-
tients and neonates show relatively high burden.
Sex-specific differences in the incidence of CNS
cancer in China are observed.
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Introduction

Primary brain and central nervous system
(CNS) cancers, collectively named CNS can-
cer, is a predominant source of mortality and
morbidity globally, leading to major burdens'.
In the past few decades, the incident cases of
stroke every year continued to increase sharp-
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ly?3. Results from the Global Burden of Dis-
eases (GBD) study 2016 also suggested that
the global incidence rates of CNS cancer in-
creased between 1990 and 2016* China, as
the biggest developing countries worldwide,
had the most incident cases and deaths of CNS
cancer®. In this light, comprehensive analysis
of the burden of CNS cancer across China will
provide evidence to policy makers and health-
care workers on the resource allocation and
implement sophisticated diagnostic and ther-
apeutic strategies.

In this work, in order to provide the first com-
prehensive and systematic analysis of the burden
of CNS cancer in China, we acquired the data
from the most recent GBD study 2019 includ-
ing age-standardized incidence rate (ASIR),
age-standardized death rate (ASDR), years of
life lost (YLLs), years lived with disability
(YLDs), and disability-adjusted life-years (DA-
LYs), which were compared across different age
groups and sexes.

Materials and Methods

Data including ASIR, ASDR, YLLs, YLDs,
and DALYs in 204 countries and regions from
1990 to 2019 were collected through GBD Re-
sults Tool (http://ghdx.healthdata.org/gbd-re-
sults-tool) on the website of Institute of Health
Metrics and Evaluation (IHME). Detailed meth-
ods utilized to generate estimates has been de-
scribed previously’®. Briefly, the GBD study
2019 started on January 1, 1990 and ended on
December 31, 2019, and the data analysis com-
pleted on October 1, 2020.

In GBD study, the definition of CNS cancer
was based on the tenth edition of International
Classification of Diseases (ICD) 4. Briefly, CNS
cancer included cancers coded as C70 (malig-
nant neoplasm of meninges), C71 (malignant
neoplasm of brain), and C72 (malignant neo-
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Figure 1. A, The number of incident cases from 1990 to 2019. B, The age-standardized incidence rates per 100 000 from 1990
to 2019. C, The age-standardized incidence rates per 100 000 of different age groups in 2019. ASIR, age-standardized incidence

rate; EN, early neonatal; LN, late neonatal; PN, post neonatal.

plasm of spinal cord, cranial nerves, and other
parts of the CNS)°.

Statistical Analysis

The overall incidence rates and cases were
estimated utilizing a Bayesian meta-regression
model (DisMod-MR 2.1) and the standard Cause
of Death Ensemble modelling (CODEm) methods
was utilized to determine the estimates of mor-
tality. Additionally, the statistical methods dealing
with incomplete data in low- and middle-income
countries has been described previously. Each
estimate was calculated from the mean of 1000
draws from the posterior distribution by age, sex,
location, and year. 95% uncertainty intervals (UI)
were the 25th and 975th values of the ordered
draws. All rates in this study were reported per
100 000. Specifically, A 95% UI excluding zero
for all estimates was defined as statistical signifi-
cance. p-value (2-side) under 0.05 was considered
to have statistical difference.

Results

Incidence

In 1990, the number of incident cases of CNS
cancer was 45 k (95% UI 35-61), of whom 25 k
(16-37) were males and 20 k (13-28) were females,
and was 94 k (73-114) in 2019, of whom 47 k (30-
61) were males and 47 k (30-62) were females. The
ASIR per 100 000 was 4.45 (3.47-5.94) in 1990 and
was 5.69 (4.36-6.78) in 2019. In 1990, the ASIR of
males was 4.84 (3.21-7.23) and the ASIR of females
was 4.09 (2.75-5.55). In 2019, the ASIR of males
was 5.64 (3.61-7.33) and the ASIR of females was
5.83 (4.30-7.77). From 1990 to 2019, as shown in
Figure 1A, the number of incident cases of CNS
cancer in China has increased by 107.0% (39.0 to
169.0). The number of incident cases increased by
88.0% (6.0 to 177.0) in males and by 129.0% (24.0
to 274.0) in females. As shown in Figure 1B, the
ASIR of CNS cancer in China has increased by
28.0% (—16.0 to 64.0) from 1990 to 2019. The ASIR
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Figure 2. A, The number of deaths from 1990 to 2019. B, The age-standardized death rate per 100 000 from 1990 to 2019. C,
The age-standardized death rates per 100 000 of different age groups in 2019. ASDR, age-standardized death rate; EN, early

neonatal; LN, late neonatal; PN, post neonatal.

increased by 17.0% (-34.0 to 68.0) in males and by
42.0% (-24.0 to 133.0) in females.

By age group, in 2019, early neonatal (EN,
0-6 days) group had the highest incidence rate
(33.42,95% UI 21.02-47.72). As shown in Figure
1C, at the ages of 0-19 years, the incidence rate
decreased with increasing age. At the ages of 20
years or older, the incidence rate increased with
increasing age and peaked at the ages of 90-94
years (29.57, 95% UI 18.97-37.38). The subgroup
aged 65 to 69 years (9488, 95% UI 6958-11469)
and 60 to 64 years (8652, 95% UI 6539-10901)
had the largest number of incident cases.

Mortality

In 1990, the number of deaths of CNS cancer was
37 k (29-50), of whom 21 k (14-31) were males and
16 k (11-22) were females, and was 63 k (47-76) in
2019, of whom 35 k (22-47) were males and 27 k (20-
36) were females. The ASDR per 100 000 was 3.87
(3.04-5.10) in 1990 and was 3.50 (2.62-4.21) in 2019.
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In 1990, the ASDR of males was 4.35 (3.02-6.46) and
the ASDR of females was 3.44 (2.44-4.58). In 2019,
the ASDR of males was 4.05 (2.53-5.33) and the
ASDR of females was 3.01 (2.19-3.88). From 1990
to 2019, as shown in Figure 2A, the number of deaths
of CNS cancer in China has increased by 67.0% (12.0
to 117.0). The number of deaths increased by 68.0%
(0 to 153.0) in males and by 67.0% (7.0 to 168.0) in
females. As shown in Figure 2B, the ASDR of CNS
cancer in China has decreased by —10.0% (—40.0 to
15.0) from 1990 to 2019. The ASDR decreased by
—7.0% (—45.0 to 37.0) in males and decreased by
—13.0% (-51.0 to 39.0) in females.

By age group, in 2019, 85-89 years (24.71,
95% UI 16.54-29.67) and > 95 years (24.75, 95%
UI 15.11-31.33) group had the highest death rate.
As shown in Figure 2C, the death rate increased
with increasing age except the neonatal groups
and >90 years group. The subgroup aged 65 to
69 years had the largest number of deaths (8360,
95% UI 6103-10330).
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DALYs

DALYs are the sum of YLLs and YLDs. In
1990, CNS cancer was responsible for 1.7 (1.2-
2.4) million DALYs (males: 1.0 million, 95% UI
0.6-1.5; females: 0.7 million, 95% UI 0.4-1.0). In
2019, CNS cancer was responsible for 2.0 (1.5-
2.5) million DALYs (males: 1.1 million, 95% UI
0.7-1.5; females: 0.8 million, 95% UI 0.6-1.1).
The age standardized DALY's rate per 100 000 was
161.29 (118.00-220.25) in 1990 (males: 178.20,
95% UI 117.52-276.17; females: 144.01, 95% Ul
93.80-195.96) and was 126.24 (96.01-154.80) in
2019 (males: 143.02, 95% UI 89.74-189.00; fe-
males: 109.48, 95% UI 80.78-144.78). From 1990
to 2019, as shown in Figure 3A, the value of DA-
LYs due to CNS cancer in China has increased
by 16.0% (-23.0 to 63.0). The DALYs increased
by 17.0% (-32.0 to 88.0) in males and by 15.0%
(—40.0 to 106.0) in females. As shown in Figure
3B, the age-standardized DALY's rate in China has
decreased by —22.0% (-50.0 to 10.0) from 1990 to

2019. The age-standardized DALY's rate decreased
by —20.0% (—54.0 to 28.0) in males and decreased
by —24.0% (—61.0 to 38.0) in females.

By age group, in 2019, early neonatal (EN,
0-6 days) group had the highest DALYs rate
(737.8.42, 95% UI 474.83-1079.17). As shown in
Figure 3C, with increasing age, the DALYSs rate
decreased at the ages of 0-19 years, increased at
the ages of 20-74 years, and then decreased at the
ages of 75 years or older. The subgroup aged 50-
54 years (220 k, 95% UI 169-291), 55 to 59 years
(206 k, 95% UI 158-265), and 60 to 64 years (202
k, 95% UI 152-257) had the most DALYs.

Discussion

The Global Burden of Diseases, Injuries, and
Risk Factors Study (GBD) updated annually is
the unique and systematic assessment of the glob-
al burden of 354 diseases and injuries’. In this
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Figure 3. A, The number of DALY's from 1990 to 2019. B, The age standardized DALY's rate per 100 000 from 1990 to 2019.
C, The age standardized DALY's rates per 100 000 of different age groups in 2019. DALY, disability-adjusted life-years; EN,

early neonatal; LN, late neonatal; PN, post neonatal.
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work, we systematically analyzed the burden of
CNS cancers in China from 1990 to 2019 on the
basis of the most recent GBD study 2019. Our re-
sults showed the overall burden of CNS cancer
in China remained high in the past 3 decades,
as evidenced by a sharp increase in the incident
cases, deaths and DALYs. Although there was an
increase (without statistical significance) in the
ASIR, the ASDR and age standardized DALY's
rate decreased (without statistical significance)
between 1990 and 2019. The improved survival
of patients with CNS cancer over time were ob-
served based on our analysis. The results were ac-
cordant with the fact that five-year survival proba-
bility of CNS cancer almost doubled from 1975 to
2013 according to the National Cancer Institute’s
Surveillance, Epidemiology, and End Results pro-
gram (https://seer.cancer.gov). The explanation of
the increasing trends in incident cases is poorly
understood, to date. The reduction on the ASDR
and DALYs rates were possibly ascribed to the
sophisticated diagnosis and treatments, particu-
larly the implement of multidisciplinary therapy
including neurosurgical care, neurocritical care,
radiotherapy, and chemotherapy.

One of the major concerns related to CNS can-
cer is the need for early and accurate diagnosis.
Few patients with CNS cancer require radiolog-
ical testing in the early stage since they usually
present with a spectrum of non-specific symptoms
such as headache!'®!!, In these context, early de-
tection and diagnosis through population-based
screening test are essential.

The burden of CNS cancer in China is differ-
ent from other countries in the world. It has long
been known that the whites have higher incidence
rates of CNS cancer compared with non-whites!2,
Previous GBD study has suggested that the inci-
dence rate, mortality, and DALY's of CNS cancer
presented regional variation and were associated
with the socioeconomic development, and coun-
tries in Europe had relatively high incidence rates
and DALY rate*. The latest GBD study showed
the incidence rates were higher in the Western and
Central Europe than China’. As such, the region-
al variation in the incidence trends of CNS can-
cer over time has recently been demonstrated by
Williams et al'*. Genetic susceptibilities and envi-
ronmental exposures are likely contributed to the
regional variation in the incidence rates.

As refers to the sex-specific differences, lit-
tle is known about the sex differences in the in-
cidence and mortality of CNS cancer in China.
Reports on the incidence of glioblastoma (GBM),
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as the most frequent primary malignant tumors of
CNS', indicated the males had higher incidence
rates of GBM than the females while the inci-
dence rates of low-grade glioma were similar'.
Moreover, female animals and women with CNS
cancer appeared to have longer survival and better
prognosis in some clinical and animal studies'®!".
The results were compliant with the work of Ara-
ghi et al'®, who indicated that the incidence rates
of brain and CNS tumors were higher in men than
women in Iran during a 10-year period. In con-
trast to these findings, our analysis found the inci-
dence rates in women showed more increase than
men between 1990 and 2019 in China, and the
ASIR was higher in females than males in 2019.
Although the mortality was higher in men than
women, the DALY's rate was nearly similar. Fur-
ther studies should elucidate the potential mecha-
nism of sex-specific differences in CNS cancer at
the molecular level.

Our study also indicated that the pattens and
variation trends of burden due to CNS cancer are
diverse across different age groups. Elderly patients
and neonates showed relatively high burden due to
CNS cancer, as evidenced by the high incidence
rates, mortality and DALY rates. In this light, ef-
forts should be given to the appropriate allocation
of health-care resources to allow for highly spe-
cialized care for the neonates and elderly patients'?.
The largest limitation of our study is the lack of es-
timates for CNS cancer subtypes. However, we be-
lieve the systematic analysis of the burden of CNS
cancer as a group should be the foundation before
more detailed data are analyzed.

Conclusions

The overall burden due to CNS cancer in Chi-
na remains high, as evidenced by the sharp in-
crease in the incident cases, deaths, and DALY
from 1990 to 2019. Elderly patients and neonates
show relatively high burden. Sex-specific differ-
ences in the incidence of CNS cancer in China are
observed.
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