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Summary
Background The lack of a well-designed brain tumour registry with standardized pathological diagnoses in
underdeveloped countries hinders the ability to compare epidemiologic data across the globe. The National Brain
Tumour Registry of China (NBTRC), created in January 2018, is the first multi-hospital-based brain tumour
registry in China. Patient data reported to the NBTRC in years 2019–2020 were assessed.

Methods Tumour pathology was based on the 2016 World Health Organization (WHO) classification of tumours of
the central nervous system and ICD-O-3. The anatomical site was coded per the Surveillance, Epidemiology, and End
Results (SEER) solid tumour module (version of July 2019). The cases were tabulated by histology and anatomical site.
Categorical variables were reported as numbers (percentages). The distribution of tumours by age (0–14, 15–19,
20–39, 40–64, and 65+ years) was analysed.

Findings There were a total of 25,537 brain tumours, foremost among them meningioma (23.63%), followed by
tumours of the pituitary (23.42%), and nerve sheath tumours (9.09%). Glioblastoma, the most common and lethal
form of primary brain cancer in adults, represented 8.56% of all cases. Of note, 6.48% of the malignant tumours were
located in the brain stem. The percentage of malignant brain tumours decreased with increasing age, 24.08% in
adults (40+ years), 30.25% in young adults (20–39 years), 35.27% in adolescents (15–19 years), and 49.83% in children
(0–14 years). Among the 2107 paediatric patients, the most common sites were ventricle (17.19%), brainstem
(14.03%), pituitary and craniopharyngeal duct (13.4%), and cerebellum (12.3%), a distribution that differed from that
of the entire cohort. The histology distribution was also unique in children, with glioblastoma much less incident
compared to the whole cohort (3% vs. 8.47%, p < 0.01). 58.80% of all patients chose higher-level neurosurgical
hospitals outside of their province of residence. The median in-hospital length of stay (LOS) for the various
pathologies ranged from 11 to 19 days.

Interpretation The histological and anatomical site distribution of brain tumours in the NBTRC was statistically
different in the subgroup of children (0–14 years). Patient choice of pursuing trans-provincial treatment was common
and the in-hospital LOS was longer compared to that reported in similar European and American patient populations,
which merits further attention.

Funding The National Key Research and Development Program of China (2015BAI12B04, 2013BAI09B03,
2014BAI04B01, and 2021YFF1201104) and Chinese National Natural Science Foundation of China (81971668).
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Research in context

Evidence before this study
Comprehensively assessing the distribution of all subtypes of
brain tumour in a national registry with a substantial number
of patients is crucial for overall evaluation of different disease
burden. Without regard to language, we searched for articles
published before December 1, 2021, using the keywords
“brain tumour registry,” “China,” and “distribution” in
PubMed and the China National Knowledge Infrastructure.
We discovered that there is wide international heterogeneity
in the first research of the histological distribution of brain
tumours worldwide published in 2021, which hampers the
harmonization of data collection. Throughout the years
2000–2014, less than 5000 cases were recorded without
information on the disease’s pathology, anatomical site, or
age distribution. In another pooled analysis of 17 cancer
registries in China during 2003–2013, only 10,391 brain
tumour cases were reported. Importantly, no details of
tumour histology and site was covered in these reports due to
the shortage of brain tumour specific registry with
standardized and uniform criteria, particularly tumour
pathology and exact anatomical site definition.

Added value of this study
Brain tumour histology, anatomical site distribution, and their
link with sex and age have been proven by the first multi-
hospital-based brain tumour registry (the NBTRC), which has
the largest patient volume across China and employs the
most recent tumour pathology and anatomical site criteria.
The subgroup of children (0–14 years) in the NBTRC had a
significantly distinct histological and anatomical distribution
of brain tumours. 58.80% of all patients preferred higher-level
neurosurgical care located outside of their home province.

Implications of all the available evidence
The distribution of brain tumour reported in the first
nationwide brain tumour registry in China can be comparable
to that in Europe and the USA in future. This study
contributes to the expanding body of information indicating
that patients with brain tumour in the subgroup of children
(0–14 years) require increased attention given the differences
in pathology and anatomical site distribution. The results
emphasize the need for more balanced neurosurgical skills
development in China’s provinces and more efficient patient
management after operation.

Articles
Introduction
Primary brain tumours represent more than 100 histo-
logically distinct subtypes and cause disproportionately
grim cancer prognoses, especially in adolescents and
young adults.1–7 To date, most large-population epide-
miologic data in this patient population are available
from European and American registries.5,6,8,9 It is
important to assess different disease characteristics and
burdens by analyzing the clinical data of brain tumour
patients from as many geographically and ethnically
diverse global regions as possible. However, in under-
developed countries, where there aren’t standard and
uniform patient registries, it is challenging to collect and
analyze the data of patients from multiple centers.
Furthermore, due to the rapid development of molecu-
lar characterization of brain tumour pathology, the
World Health Organization (WHO) diagnosis criteria
are revised every several years, which renders it difficult
to compare newly-classified pathologies with those
based on prior criteria. As a result, to date there has
been no representative nationwide epidemiologic report
summarizing all subtypes of brain tumours in China.

Several important issues related to brain tumour
epidemiology in China remain to be fully elucidated.
For example, the distribution of brain tumours by age
group is currently unknown. Because of the uneven
development of neurosurgical skills and the increasing
urbanization in China, the role of trans-provincial
medical care in the field of brain tumour treatment
needs to be understood, particularly with respect to pa-
tients from rural areas traveling far distances to seek
www.thelancet.com Vol 34 May, 2023
appropriate subspecialty care. Given the current hierar-
chical medical system in China, knowing how resources
are utilized for people with brain tumours in tertiary
neurosurgical hospitals would be very important.10,11

Only a well-designed brain tumour registry contain-
ing standardized diagnoses based on the current WHO
criteria can provide insight into the histologic distribu-
tion of brain tumours and relevant patient features in a
region as large as China.12 The National Brain Tumour
Registry of China (NBTRC) is the first multi-hospital-
based brain tumour registry in China that requires pa-
tient data to be collected in a manner that is timely,
high-quality, complete, and internally consistent13,14 for
the express purpose of improving the management of
patients with brain tumours in China and thereby
increasing the rigor of brain tumour programs across
the country.

In this biennial report (2019–2020) of the NBTRC
with 25,239 brain tumour patients from 50 registered
hospitals across China, we provide a comprehensive
and descriptive distribution of brain tumour cases,
including histology and anatomical sites, with addi-
tional analysis to understand the relationship between
tumour type and patient demographic features
including age and sex.
Methods
Data source and study population
The study data were obtained from the NBTRC, the
hospital-based real-world brain tumour clinical database
3
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supported by the Chinese government.13,14 The NBTRC
was approved by the ethics committee of the Beijing
Tiantan Hospital, Capital Medical University (Beijing,
China; KY 2019-124-02). All participating hospitals ob-
tained central IRB approval. Informed consent was ob-
tained from all patients, and the confidentiality and
anonymity of medical information was fully guaranteed.
Consent for the adolescent patients’ participation was
also obtained from their parents or guardians via written
consent. As of December 2021, a total of 50 hospitals
with advanced neurosurgical skills from 28 provinces/
municipalities in China have participated in the
NBTRC.

Patients with primary brain tumours diagnosed in
hospitals participating in the NBTRC from January 2019
to December 2020 were included in this study,
including inpatients and outpatients who were diag-
nosed with diffuse intrinsic pontine glioma (DIPG) in
brainstem based on MRI images, and inpatients with
other brain tumours who were histologically proven via
surgical resection or biopsy of tumour. The inpatients
were included based on the data from hospital admis-
sions, while the outpatients were based on the patients’
images and strictly diagnosed by neuro-specific tumour
board.

Data abstraction
The number of cases represents individual tumours but
not patients. A patient was defined as a single case if he
or she had multiple outpatient visits or hospitalizations
for the same diagnosis of brain tumour, while multiple
cases were defined if a patient had multiple brain
tumour subtypes and went to outpatient visits or hos-
pitalizations multiple times. In this study, a single pa-
tient could contribute to multiple counted tumour cases.

Based on the inclusion criteria above, several steps for
strict data abstraction were implemented for all brain
tumour patients registered from January 2019 through
December 2020. Firstly, after examining all brain tumour
cases, patients registered several times with the same
diagnosis were merged into a single case. Secondly,
DIPG patients duplicated due to being included by
outpatient and inpatient centers were merged into a
single case. Thirdly, patients with different brain tumour
diagnoses were registered as multiple cases. The last step
was to extract the age, gender, hospital name and prov-
ince, home province, tumour diagnosis, NBTRC code,
anatomical site, tumour laterality, and hospitalization
time from each case, for further data analysis.

Classification by histology
The histology coding library of NBTRC combined the
2016 WHO Classification of Tumours of the Central
Nervous System15 and ICD-O-3 Histology Validation List
(also in SEER system).16 If there was a discrepancy in the
term and code of a case’s tumour histology between
these two systems, then the 2016 WHO code was used.
The version of brain tumour histological codes used by
the NBTRC in the years 2019–2020 is shown
(Supplementary Table S1), alongside those based on the
2016 WHO criteria and ICD-O-3 list mentioned above.

Anatomic location of tumour sites
The specific laterality and anatomical sites used in this
report are based on the categories and site codes defined
in the SEER Solid Tumour Module (version July 2019).17

However, NBTRC adopted a more comprehensive code
(Supplementary Table S2). In brief, anatomical sites
were further subdivided and coded with more granu-
larity. For example, brain stem tumours (classified as
C717) were sub-classified in the NBTRC as being
located in the midbrain (C717.1), pons (C717.2), or
medulla oblongata (C717.3). Multifocal tumours were
classified by all anatomical sites in which they were
present.

Statistical analysis
The characteristics of primary brain tumours were
described by histology, malignancy or not, tumour site,
and demographic characteristics. Categorical variables
were reported as numbers (percentages), and contin-
uous variables were reported as means (SDs) or me-
dians (with interquartile range [IQR]). The Chi-square
test was used to compare proportions. A two-tailed test
resulting in p < 0.05 was considered a statistically sig-
nificant finding. The cumulative number of brain
tumour patients in each province was mapped in the
study period, with a color gradient corresponding to the
number of cases in each province. Patients who sought
care outside of the province in which they lived (trans-
provincial care) were tabulated in their home province,
not the one in which they received care.

All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Inc). The spatial map analysis
was performed using ArcGIS 10.7 (Esri Inc, Redlands,
CA, USA).

Role of the funding source
The funders do not have any role in study design, data
collection, data analysis, interpretation, writing of the
report.
Results
Overview and distribution of brain tumours by
province
This study included 25,537 brain tumour cases from
25,223 individuals treated at 50 participating hospitals.
Of these 25,223 individuals, there were 213 individuals
(0.84%) that contributed information to multiple cases
(≥2). Malignant tumours accounted for 28.44% of cases
and non-malignant tumours accounted for 71.56% of
cases (Fig. 1A). The patients were from 50 hospitals
located in 33 provinces, and the spatial distribution of
www.thelancet.com Vol 34 May, 2023
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Fig. 1: The distribution of brain tumor patients by A) tumor type and B) province.
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brain tumour patients by home province is illustrated
(Fig. 1B, and Supplementary Table S3).

Distribution of brain tumours by histology and site
The distribution of all brain tumours by malignancy
status, anatomic site, and histology is shown (Fig. 2A–F,
Supplementary Tables S4 and S5). The tumours of the
pituitary gland and craniopharyngeal duct had the
highest incidence (23.41%), followed by frontal lobe
(11.73%) and meninges (11.53%) (Fig. 2A). In regard to
histology, meningioma was the most common
(23.63%), followed by tumours of the pituitary (23.42%)
and nerve sheath tumours (9.09%). Glioblastoma, the
most common and lethal form of primary brain cancer
in adults, constituted 8.56% of all cases (Fig. 2B). For
malignant tumours, anatomical location was predomi-
nantly in the cerebrum (26.32% frontal lobe, 17.81%
www.thelancet.com Vol 34 May, 2023
temporal lobe, 10.09% parietal lobe, and 4.49% occipital
lobe). Of note, 6.48% of malignant brain tumours were
located in the brain stem (Fig. 2C). Among malignant
cases, glioblastoma was the most common (30.53%),
followed by diffuse and anaplastic astrocytoma (25.06%)
and oligodendroglioma and oligoastrocytic tumours
(14.87%). Primary central nervous system lymphoma
(PCNSL), thought to be a rare brain tumour, repre-
sented 3.18% of the malignant brain tumour cases
(Fig. 2D). The anatomical distribution of non-malignant
brain tumours was different; pituitary gland and cra-
niopharyngeal duct were the most common sites
(36.39%), followed by meninges (17.36%) and cranial
nerves (8.98%) (Fig. 2E). Tumours of the pituitary
(33.15%), meningioma (32.91%), and nerve sheath
(12.63%) comprised the most common non-malignant
brain tumours (Fig. 2F).
5
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Fig. 2: Distribution of brain tumors reported to NBTRC by type, anatomical site and histology, 2019–2020. A) all brain tumors by
anatomical site, B) all brain tumors by histology, C) malignant brain tumors by anatomical site, D) malignant brain tumors by histology, E) non-
malignant brain tumors by site, and F) non-malignant brain tumors by histology. Percentages may not add up to 100% due to rounding.
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Fig. 3: The distribution of malignant and non-malignant tumors based on anatomical site.
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Distribution of malignant and non-malignant
tumours based on anatomical site
Understanding the anatomical sites where malignant
and non-malignant brain tumours are likely to be
located is important to construct an accurate differential
diagnosis based on neuroimaging findings (e.g., MRI
and CT). The incidence of malignant brain tumours by
anatomic site was 81.48% (temporal lobe), 78.88%
(frontal lobe), 70.99% (parietal lobe), 70.57% (occipital
lobe), 68.04% (brainstem), 28.60% (cerebellum), cranial
nerves (1.02%), and pituitary gland or craniopharyngeal
duct (0.20%) (Fig. 3). For several extracerebellar sites,
non-malignant brain tumours were prone to occur in
meninges (96.79%), anterior cranial fossa (92.22%),
posterior cranial fossa (85.05%), middle cranial fossa
(75.25%), and suprasellar (74.73%).

Distribution of brain tumour histology and sites by
sex
The distribution of brain tumour histology by patient
sex is shown (Fig. 4, and Supplementary Table S5).
Overall, there were more female patients in this cohort
than male patients (53.26% vs. 46.74%). The proportion
of malignant tumours in female and male patients was
22.95% and 34.72%, respectively. The neuroepithelial
tumours were more common in males than females
(respectively 30.62% vs 20.74%). In contrast, two pre-
dominate nonmalignant subtypes, nerve sheath tu-
mours and meningioma, have different trends with
more females than males (respectively 56.55% and
72.53% in females). Glioblastoma, the most malignant
neuroepithelial tumour, in male patients occupied
60.17%, reflecting the higher risk in males than females
(39.83%). PCNSL and tumours of the pituitary were
similar in males and females (respectively, 51.32% vs.
48.68%, 50.13% vs. 49.87%).
www.thelancet.com Vol 34 May, 2023
Distribution of brain tumour histology by age and
specific characteristics in children
The proportion of tumour histology (malignant or non-
malignant) varied by age subgroup (Table 1). The per-
centage of malignant brain tumours gradually increased
with the decreasing age, 24.08% in adults (age 40+
years), 30.25% in young adults (20–39 years), 35.27% in
adolescents (15–19 years), and 49.83% in children (0–14
years). This trend demonstrated that the proportion of
malignant brain tumours significantly increased with
decreasing patients’ age.

Therefore, more details were analyzed from the
2107 patients in the pediatric (age 0–14 years) sub-
group of patients (Fig. 5). The most common anatomic
sites were ventricle (17.19%), brainstem (14.03%), pi-
tuitary and craniopharyngeal duct (13.40%) and cere-
bellum (12.30%), which differed markedly from site
distribution among the entire cohort (Fig. 5A). It is
worth noting that the histology distribution was also
distinct in this age group. Among malignant brain
tumour entities, glioblastoma was much less incident
in the 0–14 year age subgroup compared to the entire
cohort (3% vs. 8.47%, p < 0.01), however, all other
malignant or gliomas occupied the most part of ma-
lignant histology (Fig. 5B). The most common
anatomical sites for malignant brain tumours in this
age subgroup were brainstem (85.76%), suprasellar
(48.70%), and meninges (13.51%). Of note, the cere-
bellum and posterior cranial fossa were the two sites
where malignant brain tumours were prone to occur
(54.15% and 73.42%, Fig. 5C), which is significantly
different from the findings in the whole cohort
(42.73% and 24.65%). Among the pediatric patients
with malignant brain tumour histology, the most
common anatomic sites were ventricle (21.88%),
brainstem (20.24%), and cerebellum (12.17%),
7
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Fig. 4: The distribution of A) brain tumor histology and B) anatomical site by sex.

Age group Total Malignant, n (%) Non-malignant, n (%) Neoplasm unspecified, n (%)

0–14 Years 2107 1050 (49.83) 953 (45.23) 104 (4.94)

15–19 Years 584 206 (35.27) 359 (61.47) 19 (3.25)

20–39 Years 5943 1798 (30.25) 4066 (68.42) 79 (1.33)

40–64 Years 14,335 3452 (24.08) 10,760 (75.06) 123 (0.86)

65+ Years 2568 657 (25.58) 1883 (73.33) 28 (1.09)

Total 25,537 7163 (28.05) 18,021 (70.57) 353 (1.38)

Table 1: The proportion of tumour histology and malignancy status by age subgroup.
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however much less common in frontal, temporal, pa-
rietal, and occipital lobes (respectively 7.54%, 6.72%,
4.33% and 2.02%) (Fig. 5D). The most common his-
tological diagnoses were embryonal tumours (23.52%),
diffuse and anaplastic astrocytoma (22.48%), and
ependymal tumours (12.57%) (Fig. 5E). For the non-
malignant brain tumour entities, the most common
sites were the pituitary gland or craniopharyngeal duct
(31.47%), cerebellum (12.85%), and ventricle (11.73%)
(Fig. 5F).
www.thelancet.com Vol 34 May, 2023
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Fig. 5: The distribution of brain tumors in the subgroup of children aged 0–14 years (N = 2107). A) distribution of tumor anatomical sites;
B) distribution of tumor histology including malignant and non-malignant tumors; C) distribution of malignant and non-malignant tumors
based on the anatomical sites; D) the tumor sites of malignant tumors; E) the tumor histology of malignant tumors; F) the tumor sites of non-
malignant tumors.
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Fig. 6: Patients’ preference for trans-provincial treatment by tumor histology (A) and anatomical site (B).
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Patients’ preference for trans-provincial treatment
by tumour histology and anatomic site
Due to the imbalanced development of neurosurgical
competencies across China, 58.80% of the patients
chose higher-level neurosurgical hospitals outside of
their home province (Fig. 6A). With regard to tumour
histology, patients with ependymal tumours, embryonal
tumours, and gliomas more often sought trans-
provincial treatment (respectively, 75.08%, 67.41%,
and 64.24%). For patients with vestibular schwannoma,
one of the most challenging nerve sheath tumours,
more than 62% of patients sought surgery in neuro-
surgical hospitals outside of their home province.
However, 56.38% of patients with tumours of the pitu-
itary gland received treatment in local hospitals rather
than seeking trans-provincial care. With regard to
anatomical sites, the deep locations that pose
challenging surgical approaches resulted in patients
with tumours in these regions seeking trans-provincial
care: brainstem (80.88%), posterior cranial fossa
(75.05%), middle cranial fossa (73.83%), ventricle
(72.00%), and anterior cranial fossa (64.04%) (Fig. 6B).

In-hospital length of stay by tumour histology and
anatomic site
In-hospital length of stay (LOS) can be used as an in-
dicator of disease burden, neurosurgical competency,
and hospital efficiency. Patients with pituitary tumours
and lymphomas had the shortest median LOS with
11 and 12 days, respectively. The patients with ependy-
mal tumours, embryonal tumours, and nerve sheath
tumours-all other experienced a longer median LOS (19,
18, and 19 days, respectively) (Supplementary Table S6).
With regard to anatomical site, patients with tumours
www.thelancet.com Vol 34 May, 2023
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located in the pituitary gland or craniopharyngeal duct
had a median LOS of 12 days, while those with deep
periventricular tumours had a median LOS of 18 days
(Supplementary Table S7).
Discussion
The distribution of brain tumour histology and
anatomical sites in Chinese patients has been reported
in this annual report of the NBTRC, which is the first
multi-hospital-based brain tumour registry across
China. This report can be used as an important refer-
ence for policymakers, hospital managers, and physi-
cians (neurosurgeons, radiation oncologists, medical
neuro-oncologists, neuropathologists, and neuroradiol-
ogists) in China to efficiently allocate relevant resources
as well as for international scholars to permit compari-
sons with similar large registries. The relationship be-
tween brain tumour histology and sex or age has also
been demonstrated. Specific characteristics and distri-
bution of brain tumours in children aged 0–14 years are
similar to those found in CBTRUS and Canadian
tumour registry.6,9 More interestingly, several differ-
ences were found by comparing the abovementioned
data to those reported by CBTRUS, including a smaller
percentage of glioblastoma (30.5% vs. 59.2%) but a
larger proportion of diffuse and anaplastic astrocytoma
(25.1% vs. 13.7%), and a smaller percentage of menin-
gioma (32.9% vs. 55.4%).18 The caveat is that the NBTRC
is not a population-based registry, so incidences cannot
be derived or compared with those of other countries.
The further development of the nationwide NBTRC will
permit such comparisons of brain tumour percentages
across ethnicities and the conduct of in-depth research
into the possible mechanisms underlying any such
differences.

The NBTRC has been able to register the largest
volume of brain tumour patients with standard and
structured information in China owing to sponsorship
of the platform by the Chinese government and initial
construction by dozens of top-tier neurosurgical hospi-
tals across the country. In a report covering the decade
2003–2013, 17 cancer registries in China reported
10,391 brain tumour cases.3 On the platform of NBTRC,
an annual average of 12,768 cases of brain tumour had
been registered during 2019–2020, which was roughly
10 times the number of cases reported in the previous
decade. More importantly, no details of tumour histol-
ogy and site was covered in the prior 10-year cancer
registry, because the tenth edition of the International
Classification of Diseases (ICD-10) was used for classi-
fication. Another advancement of the NBTRC database
is the inclusion of histological subtypes, which was not
as frequently reported in the previous Chinese registry’s
report.3,19

The complexity of brain tumour histology and site
made registration in the entire spectral cancer system
www.thelancet.com Vol 34 May, 2023
challenging. A global study with more than 600,000
brain tumour cases in 60 countries aimed to analyze the
histology distribution, however, the proportion of tu-
mours with unspecified histology accounted for 65% in
adults and 52% in children.5 The researchers advocated
to improve data quality and harmonized data collection
worldwide because of wide international variation.
Compared to the report,6,19 more accurate information
with specified histology and detailed anatomical loca-
tions of brain tumour is available on the platform of
NBTRC, even with some rare tumours such as diffuse
midline glioma.

Using the most scientific coding system of tumour
pathology and anatomic sites for registry is important to
analyze the brain tumour distribution and understand
the patient characteristics. Take meningiomas as an
example: they can grow in multiple anatomical locations
(e.g., ventricles; anterior, middle, or posterior cranial
fossa) besides those pre-specified by the NBTRC code
for anatomical sites of the meninges (e.g., convexity, falx
cerebri, parasagittal, tentorium, sphenoid wing,
cavernous sinus, etc.). This is illustrated by the
discrepancy between the percentage of meningiomas
(32.91%) and the percentage of tumours located in the
meninges (17.36%) (Fig. 2). This is due to the most
updated revision of brain tumour pathology diagnosis
and anatomic sites based on the 2016 WHO Classifica-
tion of Tumours of the Central Nervous System and the
ICD-O-3 coding. Another advancement of the NBTRC is
additional coding of existing site codes by sub-regions of
anatomical sites, from the perspective of clinical
research. For example, brainstem glioma can have a few
categories of glioma in different more specific sites,
such as diffuse intrinsic pontine glioma (DIPG) with
very poor survival and exogenous medulla glioma with
excellent survival after successful operation.20 It is
convinced that only a well-designed brain tumour pa-
tients’ registry can provide more details on brain
tumour patient characteristics as well as the disease
burden.

The fact that 58.80% of the registered patients chose
trans-provincial treatment outside their residential
provinces can be explained by the following reasons.
Firstly, the majority of patients can afford treatment in
higher-level hospitals for two probable causes: 1) people
have become wealthier as a result of the rapid economic
development of China in decades11; 2) the proportion of
out-of-pocket expenses has declined due to the
comprehensive universal health insurance coverage.21,22

Secondly, the extraordinary pace of urbanization and
increasingly popular internet provide access to obtain
information on brain tumour-relevant strength of spe-
cific hospitals (such as neurosurgical ranking overall
China).23,24 Thirdly, the development of neurosurgery
focusing on brain tumours is uneven across provinces.
Hospitals with a long history and more neurosurgeons
in big cities may have more advantages in treating
11
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difficult brain tumours.25,26 In this report, treatment in
more challenging deep-anatomic sites is assumed to be
a more difficult surgical approach, resulting in a higher
likelihood for patients to seek and receive trans-
provincial treatment. Addressing these potential in-
fluences on treating brain tumours will require further
strengthening of the unified training of neurosurgeons
and promotion of the homogeneity of medical quality
across provinces.22

The cost-efficiency of brain tumour treatment in
China should be improved by this report on a multi-
hospital registry. The median LOS for each tumour
histology ranged from 11 to 19 days, which was signif-
icantly longer than that reported internationally. For
example, the average LOS was 4.58 days in 48 consec-
utive patients with glioblastoma, which is similar in
other cohorts.27,28 This important indicator, LOS, reflects
how many resources brain tumour patients need to
occupy in high-level hospitals with the capability of
neurosurgical operations. Because of some potential
postoperative complications, nearly half of the patients
were discharged to short-term skilled nursing facilities
or rehabilitation centers.27 Longer LOS for brain tumour
patients in this study may be explained by multiple
factors, including the need for (1) improved coordina-
tion between various inpatient departments (e.g.,
neurosurgery, medicine, etc.), (2) national guidelines
and high-quality facility for the postoperative manage-
ment pathways for patients with brain tumours. On the
other hand, policy focus requires a shift, likely designing
a reasonable hospital reimbursement system according
to the in-hospital stage (preoperative, perioperative, or
rehabilitation) to guide patients to transfer out of high-
level hospitals as soon as possible. In future, the cost-
efficiency for brain tumour treatment in China should
be strengthened and further analyzed in this well-
designed multi-hospital brain tumour registry after
policy reform.

There are several limitations in this report. Firstly,
lack of differentiation between newly diagnosed and
recurrent tumour classification, different subtypes of
patients may have different characteristics and disease
burdens. The structured item relevant to newly diag-
nosed vs. recurrent tumours will be implemented in the
future. Secondly, a short time span of 2 years was
analyzed here. Future comprehensive reports will cover
a longer time period (e.g., 5 years) while also permitting
the reporting of interim findings from subpopulations
within the database. Thirdly, there are currently 54
advanced neurosurgical hospitals that are part of the
registry. The representative level of the real situation of
brain tumours in China as a whole should be more
accurately reflected by recruiting more centers to the
registry.

In conclusion, this report is based on the first multi-
hospital brain tumour registry in China and contains the
largest sample size to date with detailed pathology
diagnosis and anatomic sites. The case registration
methodology and quality controls enabled the reporting
of anatomical distributions of brain tumour subtypes.
More than half of patients pursued trans-provincial
treatment, and longer in-hospital LOS compared to
Europe and the USA suggests room for improvement in
coordination between inpatient departments and the
formulation of national guidelines for postoperative
management of patients in China. Future research
relevant to pediatric vs. adult patients, newly-diagnosed
vs. recurrent cases, and survival analyses will be con-
ducted in the NBTRC to better characterize and assess
the state of brain tumour diagnosis and management in
China.
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