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ABSTRACT

Introduction Brain tumours encompass a complex group
of intracranial tumours that mostly affect young adults and
children, with a high incidence rate and poor prognosis.

It remains impossible to systematically collect data on
patients with brain tumours in China and difficult to
perform in-depth analysis on the status of brain tumours,
medical outcomes or other important medical issues
through a multicentre clinical study. This study describes
the first nation-wide data platform including the entire
spectrum of brain tumour entities, which will allow better
management and more efficient application of patient data
in China.

Methods and analysis The National Brain Tumor Registry
of China (NBTRC) is a registry of real-word clinical data

on brain tumours. It is established and managed by the
China National Clinical Research Center for Neurological
Diseases and administered by its scientific and executive
committees. The 54 participating hospitals of the NBTRC
are located in 27 provinces/municipalities, performing
more than 40000 brain tumour surgeries per year. The
data consist of in-hospital medical records, images

and follow-up information after discharge. Data can be
uploaded in three ways: the web portal, remote physical
servers and offline software. The data quality control
scheme is seven-dimensional. Each participating hospital
could focus on a single pathology subtype and public
subtypes of brain tumour for which they expect to conduct
related multicentre clinical research. The standardised
workflow to conduct clinical research is based on the
benefit-sharing mechanism. Data collection will be
conducted continuously from 1 February 2019 to 31
January 2024.

Ethics and dissemination Informed consent will be
obtained from all participants. Consent for the adolescents’
participation will be also obtained from their guardians

via written consent. The results will be published in
professional journals, in both Chinese and English.

Trial registration number Chinese Clinical Trial Registry
(ChiCTR1900021096).

INTRODUCTION

Necessity for a brain tumour registry system
Brain tumours consist of a complex group of
intracranial tumours that mostly affect young

,' Dan Xiao,? Guang-Liang Shan,?

Strengths and limitations of this study

» The National Brain Tumor Registry of China (NBTRC)
is the first nation-wide data platform that includes
the entire spectrum of brain tumour entities in China.

» The NBTRC provides reliable macro-policy-making
reference for the government authority, assists
health professionals manage clinical data, helps pa-
tients obtain access to high-quality and convenient
medical services, and enables researchers conduct
nation-wide multicentre clinical research.

» The NBTRC has the standardised and prespecified
follow-up interval and automatically provides data
entry templates based on the pathology and location
of the tumour, which will significantly improve the
quality and comparability of follow-up data among
participating hospitals and motivate each hospital to
collect follow-up data.

» The NBTRC adopts three flexible ways for data col-
lection, which will increase the inclusiveness of the
NBTRC to collect data from as many hospitals as
possible, improve the capability of the participating
researchers and hospitals, and benefit them with
this established process for accessing information.

» The data of the NBTRC are collected from hospitals
rather than communities; thus, it is not a population-
based incidence registry, which may reduce the rep-
resentativeness of data.

adults and children, with a high incidence
rate and poor prognosis.

In the USA, tumours of the central nervous
system, especially brain tumours, are the most
common cause of cancer and cancerrelated
deaths in children aged <15 years and the
third most common in people aged 15-39
years.1 In China, between 2012 and 2015,
the 5-year survival rate of patients with brain
tumours was only 26.7%, which is much lower
than the 40.5% average for all tumours.”

It is imperative to obtain the reliable data
of brain tumours so as to make clear the
epidemiological characteristics of brain
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tumours and provide high-quality data for the multi-
centre clinical study. However, the high-quality data for
brain tumours, including the comprehensive statistical
data, are not always available in many countries. China is
no exception. There are three reasons for this dilemma.
First, the classification of brain tumours is so complex,
with more than 200 subtypes,” that different doctors may
not totally agree on the diagnosis of the same patient.
Second, data elements, such as data structure, data type
and index definition, are not unified and standardised
among hospitals and study groups, which makes it diffi-
cult to pool data from multiple sources for cooperation
among hospitals and study groups. Third, current cancer
registration systems may miss the substantial portion of all
brain tumours; their data are limited in scope, and long
lag exists before the information becomes available.

To collect and use the medical data more efficiently,
the National Institutes of Health and the National Cancer
Institute proposed the urgent demand to build a ‘cancer
knowledge network’.* This is really needed in the field of
brain tumours as well. The basis of the multicentre clin-
ical study on brain tumours includes accurate pathology
diagnosis based on the most recognised criteria, unified
and standardised data registry, and real-time data entry
shortly after patient discharge.

Brain tumour registries in the world
Brain tumour registries are established in several devel-
oped countries to supplement clinical research for the
prevention and treatment of brain tumours. For example,
the Central Brain Tumor Registry of the United States
(CBTRUS) is a population-based brain tumour registry,
representing 100% of the nation’s population.” The UK
launched a cancer registry that includes brain tumours,
covering the nation’s entire population. Countries with
relatively smaller population, such as Japan and Finland,
also have their own brain tumour registries.*™

The brain tumour registries in these countries inte-
grate a large amount of valuable data, with great benefits.
The epidemiological distribution of the disease can be
determined,”" and changing trends in incidence can be
monitored.” ' The collection of data from multiple chan-
nels and the relatively large sample size allow the analysis
of aetiological, influencing and predictive factors with
great statistical significance.””™ The internationalisation
of the registry and integration with other disciplines can
promote international cooperation and multidisciplinary
development in brain tumour research.'® '’ Finally, by
applying high-quality and reliable data from the registry,
in-depth analysis will aid responses to social problems in
the medical field and optimise the nation’s healthcare
system.'® 1

It should be noted that the successful construction of
the registry system urgently requires the support of the
government and academic institutions, the active partic-
ipation of neurosurgery centres and the formulation of
reasonable rules and regulations. For most countries,
these are formidable barriers to create such system for

the registry of brain tumours. In addition, due to the high
mobility of patients, few registry systems can collect infor-
mation on the patient’s entire disease process, especially
postdischarge information such as recurrence, death and
survival.

Brain tumour registry in China and limitations

China is the largest developing country without a nation-
wide brain tumour registry. It remains impossible to
systematically collect data on patients with brain tumours
in China and difficult to perform in-depth analysis on
the status of brain tumours, medical outcomes and other
important medical issues that affect the Chinese popula-
tion through the multicentre clinical study.

In 2008, the National Central Cancer Registry (NCCR)
of China was established, the mission of which is to collect
data from local population-based cancer registries in
local hospitals and community health centres, covering
16.43% of the nation’s population until now.*’*'

According to the annual report from the NCCR, the
incidence of brain tumours in the rural population is
6.41/105, the ninth highest of all tumours in the rural
population of China.** This is significantly lower than
24.56/10° reported by a cross-sectional survey in five
regional centres in China®® and also lower than 21.42/10°
reported by the brain tumour registry of the USA.” Prob-
ably there are two reasons for these discrepancies. First, in
addition to brain tumours, the NCCR is concerned about
all types of malignant tumours, such as lung, liver and
stomach. However, the benign brain tumour pathology
entities are not included in that system. Second, as the
calculation of these indicators is based on data collection
done several years before, the diagnosis technology, data
collection personnel skills and other aspects might need
further improving at that time. Therefore, the data of a
registry dedicated to the entire spectrum of brain tumours
are urgently needed to resolve these problems in China.

Local hospitals and community health centres are often
hampered by conditions that compromise the accurate
diagnosis of brain tumours, such as incomplete imaging
equipment, inconsistent diagnostic criteria and lack of
experience. However, if the brain tumour registry system
is located at large general hospitals where there are
advanced neurosurgical skills, patient information will be
collected more directly, accurately and comprehensively.
Therefore, a professional nation-wide brain tumour
registry system in China is necessary to collect accurate
information from representative hospitals and regions,
on patients with all pathological types of brain tumour.

Importance of networking medical resources at participating
hospitals

Because of the unbalanced development of neurosurgical
medical resources and lack of efficient medical referral**
and clinical data sharing mechanism in China, patients
with brain tumours have difficulties in seeking medical
service. In some large hospitals in China, patients with
brain tumour have to wait several months for medical
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appointment. It is common to see patients and their rela-
tives carrying heavy bundles of radiological films from
hospital to hospital, with risk of loss or damage of hard-
copy images.

Although this situation cannot be changed immediately,
a brain tumour registry platform may provide the possi-
bility to maximise the accessibility of medical resources
of participating neurosurgery departments and facilitate
faster medical referrals, and effective and efficient clin-
ical examination result exchange among participating
hospitals. This platform can also provide the theoretical
foundation and practical experience for the development
of a system to interconnect medical resources throughout
the whole of China.

The development of data networks or data sharing
system should focus not only on information technology
needs but also on the complex regulatory, legal, security,
privacy and workflow requirements to support the infra-
structures so as to ensure the normal application of the
system and achieve the expected consequence after the
pilot stage.” These are the issues that we should consider
when establishing such brain tumour registry system in
the nation-wide level. In this study, the organisation and
management, participating hospitals, data collection
methods, quality control scheme and benefitsharing
mechanism of the National Brain Tumor Registry of
China (NBTRC) are described.

METHODS AND ANALYSIS

The NBTRC is the registry of real-word clinical data on
brain tumours. It will collect, process and persist data,
and provide data for the multicentre clinical studies of
brain tumours and assist in the organisation and coordi-
nation of multicentre studies.

Organisation and management of the NBTRC

In January 2018, the NBTRC was established and
managed by the China National Clinical Research Center
for Neurological Diseases (NCRC-ND), which is merely
the national centre authorised by Chinese government
and organised by Beijing Tiantan Hospital.** The NBTRC
is chaired by Professor Liwei Zhang, the president of
Chinese Neurosurgeons Association and vice president of
Beijing Tiantan Hospital.

The NBTRC is administered by its scientific and exec-
utive committee. The scientific committee designs and
guides to establish and operate the platform and assesses
the scientific rationale and feasibility of research proto-
cols. The executive committee is responsible for routine
management and technical support.

Inclusion criteria of participating hospitals

National or regional neurosurgery centres in China
participate in the NBTRC. The participating hospitals
should meet all the following criteria. First, each hospital
should perform at least 100 brain tumour operations
annually and should be capable of histological and

molecular diagnoses of pathologies for brain tumours.
Second, each hospital should be equipped with systems
for electronic medical records, standardised picture
archiving and communication, and hospital information.
Third, each hospital should cooperate with the benefit-
sharing mechanism and comply with the quality control
standard of the NBTRC. Finally, each hospital should
have enough well-trained clinical research assistants to
upload data and perform follow-ups of postoperative
patients.

Characteristics of the participating hospitals

As of April 2020, there are 54 hospitals that met the inclu-
sion criteria for participation in the NBTRC, acknowl-
edged the benefitsharing mechanism, signed the
participation contract and are now authorised as the first
cluster of participating hospitals.

These 54 hospitals are located in 27 provinces/munici-
palities in China and evenly distributed across the country
(figure 1). These hospitals accommodate 1653 neurosur-
geons, with a cumulative annual average of 43584 brain
tumour surgeries from 2012 to 2018.

Patient enrolment criteria

All the patients with primary brain tumours (malignant
and non-malignant pathology entities) are enrolled in
the NBTRC from the participating hospitals. The diag-
nosis is based on the 2016 WHO Classification of Tumors
of the Central Nervous System, the newly recognised
pathology guideline. The patients can be categorised into
three types: (1) confirmed by postoperative pathology
after operation; (2) pituitary adenoma that are diag-
nosed based on clinical and radiological features, and the
patients require in-hospital treatment rather than opera-
tion; and (3) brainstem glioma, an extremely rare brain
tumour, can be diagnosed only on radiology due to inter-
national diagnosis criteria.

The collected information and indexes

The data collected in the NBTRC consist of in-hospital
medical records, patient images and follow-up informa-
tion after discharge. The in-hospital information of each
patient mainly includes demographics, clinical symptoms
and signs, standardised pathology diagnosis, operation
record and adjuvant therapy such as radiotherapy and
chemotherapy. The imaging data, including different
sequences of MRI, CT and positron emission tomog-
raphy (when conducted), are in the Digital Imaging and
Communications in Medicine format. The follow-up infor-
mation mainly includes the treatment after discharge, the
dynamic change of clinical symptoms and signs, and the
patient’s prognosis.

Most indexes of the NBTRC are structured and are clas-
sified into five relatively independent forms, including
patient registration, admission record, operation record,
discharge record and follow-up. The major data elements
in each form are demonstrated in figure 2.
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Data collection method

The NBTRC has established three data upload interfaces
for the participating hospitals, including the web portal
and offline software (both requiring manual entry) and
remote physical server that automatically abstracts data
into the platform.

Based on the web portal interface, people can log in
to the NBTRC web portal to fill in patients’ information.
The entered data are uploaded to the NBTRC database in
real time via the internet.

While entering data via offline software, the data tech-
nician can use the offline software to fill in data and can
upload data packages to the NBTRC database through
the internet or by CD-ROM.

The remote physical server interface is the most conve-
nient way to fill in data. The server is the middle layer
between the NBTRC database and each hospital’s infor-
mation system, including unified medical record, surgical
databases, radiology databases and administrative data-
bases. With the authorisation of the data owner’s hospital,
the information system of that hospital will automatically
upload data to the remote physical server on a regular
basis. The software system in the remote physical server
will extract and validate the data to each form of NBTRC

and then send the normalised data to the platform
through the internet or by CD-ROM.

Functional modules of the NBTRC web portal system

Six functional modules are designed within the estab-
lished public web portal (figure 3). Each module is imple-
mented in the web portal to accomplish various functions,
as below.

The registration module is for the collection of in-hos-
pital patient information and patient images. This
module serves participating hospitals that upload data to
the NBTRC online through the internet. Relevant web
pages with different indicators are designed for generic
and special brain tumour entities, according to different
clinical features and indicators of interest. At present,
the NBTRC sets up two special brain tumours—pituitary
adenoma and brainstem tumour, which have different
data entry web pages. Special brain tumours can be
expanded according to certain clinical study in future.

The docking module interfaces the remote phys-
ical servers and the NBTRC database. The data can be
uploaded to the platform through the remote physical
servers in this module.

The follow-up module automatically provides the most
appropriate follow-up questionnaire and time interval,
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Figure 2 Components of the National Brain Tumor Registry of China web portal. (A) Login interface and (B) home page. This

page shows the epidemiological distribution of patients with brain tumour and notifications. (C) Case report and cooperative
medical service forms. #Patients’ in-hospital case report form including basic information and preoperative, intraoperative and
postoperative recordings; ##case report form for patients receiving adjuvant therapy; ###cooperative medical service case
report form including applications for referral and multidisciplinary team consults. (D) Case report form for patients with special
brain tumour entities, including pituitary adenoma and brainstem tumour. (E) Patient follow-up data and questionnaire, with a
flashing follow-up reminder. (F) Quality control results for each patient.

according to the pathology and location of the brain
tumour. A friendly flashing reminder appears in the
patient list when a follow-up time point is approaching.
The quality control module is used to analyse and display
the quality of data from each participating hospital.
Through the cooperative medical service module,
collaborative functions can be realised, such as patients’
interhospital and multidisciplinary consul-
tations. In this system, we designed several function

referrals

icons, including the application of further consultation
or patient referral for the data entry surgeon, transfer-
ring the clinical data of interest to specific doctors and
replying to the consultation comment or accepting the
referral.

The authority management module sets permissions to
upload and view the data and to the benefit-sharing roles
of participating hospitals and end-users.

Quality control

The quality control of the NBTRC is the most important
aspect of administration to ensure its scientific applica-
tion. Therefore, the rigorous quality control indicators

of each participating hospital’s input data are carefully
designed and maintained by the executive committee.
Overall, seven quantifiable indicators are implemented:
Without Interruption, Similar Monthly Volumes, Diag-
nostic Accuracy, Timeliness, Completeness, Percentage
of Reported Cases and Follow-up Rate. The data quality
will be an important reference for the benefits distributed
to each participating hospital. The seven indicators and
their thresholds are discussed below in detail.

First, Without Interruption means that the number of
patients with brain tumour reported within any single
month should not be zero. Similar Monthly Volume
assumes that the number of reported patients within a
single month should not vary by 20% more or 10% less
from that of the same month in the previous 3years.
Diagnostic Accuracy means that the accuracy of patholog-
ical diagnoses of patients with brain tumour should be
greater than 95%, verified by the executive committee
of the NBTRC through random selection and verifica-
tion of at least 10% of specimens of patients with brain
tumour. The fourth indicator, Timeliness, requires the
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timely registry of patients’ information within 5days of
hospital discharge. Completeness means that the comple-
tion rate of compulsory items of each patient should be
100%. Percentage of Reported Cases requires that the
number of patients with brain tumour reported by each
participating hospital should be more than 95% of the
total number of patients with brain tumour during the
same interval. Finally, Follow-up Rate requires that the
completion of at least one follow-up within 3 months after
discharge should exceed 90%.

Information technology and data security of the NBTRC

The hardware of the NBTRC is located in an indepen-
dent and high-security data centre, which is operated
by the NCRC-ND. The data centre includes dedicated
physical server clusters, relational database system, Not
Only Structured Query Language systems, object and
block storages, intranet and networking devices, secu-
rity hardware and software, and management utilities.
For security, the data centre is not directly connected to
the internet; instead, it provides the common data bus
through the proxy server in the internet for external data
traffic. In addition, the NBTRC implemented Secured

Online Application Programming Interfaces, based on
which internet connection is allowed after strict authenti-
cation and authorisation.

Benefit-sharing mechanism of the NBTRC
The NBTRC allows all participating hospitals to share
benefits based on their contributions.

There are dozens of pathological types of brain tumours
according to the 2016 criteria of the WHO.” The NBTRC
selected several public subtypes of brain tumour that are of
general interest in the field of neurosurgery. If the quantity
and quality of the data from participating hospitals meet the
pre-established standards, they can be applied for multicentre
clinical research on the public subtypes of brain tumour.

In addition to the public subtypes of brain tumour, each
participating hospital of NBTRC can select and apply a
single subtype of brain tumour to conduct related clinical
research. The scientific committee will assess the quantity
and quality of the data from the hospital, as well as its
clinical research capability. Only after the application is
approved, that hospital acquires access to the multicentre
data of the selected tumour subtype for clinical research.
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Patient Registration Form

1. Demographic Characteristics

*  Tumour Laterality 4. Function Scoring

Discharge Record Form

1. Patient Discharge Status

*  Neurological Examination

*  Endocrine Examination

* Postoperative Karnofsky Scale

*  Postoperative ECOG Performance Status
2. Postoperative Imaging

* MRI

« CT

¢ MRI
« O

Admission Record Form

1. Contact Information

* Name * Name of Relatives
*  Gender *  Phone Number
*  Age 2. Interview Record
2. In-Patient Data *  Chief Complaints
*  Admission Date * History of Present Illness
* Discharge Date * Past History
* Hospital Bill 3. Physical Exams
3. Diagnosis * Height
*  Tumour Pathology *  Weight
*  Tumour Site * Blood Pressure

* Karnofsky Scale

* ECOG Performance Status
5. Neurological Examination

* Abnormal Head

*  Meningeal Irritation Signs .

*  Cranial Nerves

*  Sensory and Motor Examinations

* Reflexes Testing

6. Preoperative Imaging

Operation Record Form

1. Operation Log

*  Operation Date

*  Operation Approach

*  Surgical Wound Classification

* Intraoperative Assistive Technologies
2. Postoperative Outcomes

* Extent of Tumour Resection

* Blood Loss Volume

*  Secondary Operation

Follow-Up Form
1. The Patient Condition While Followed-Up
*  Tumour Change
*  Karnofsky Scale
* ECOG Performance Status
2. The Following Treatment After Discharge
*  Treatment Option
Treatment Date
*  Treatment Duration
3. Symptom and Physical Signs
*  Cranial Nerves, Sensory and Motor Examinations
* Reflexes Testing
4. The Followed-Up Imaging
* MRI

Figure 4 The major data elements in the five forms for data entry in the National Brain Tumor Registry of China. The five forms
consist of patient registration form, discharge record form, admission record form, operation record form and follow-up form.
There are many major data elements, respectively, in the five forms. ECOG, Eastern Cooperative Oncology Group.

The executive committee will periodically reassign the
leader conducting related clinical research. The adjust-
ment will consider the quantity and quality of clinical
studies that have been conducted and the intention of
each participating hospital.

The data-contributing hospital would share the achieve-
ments of the research such as papers, patents and scientific
research awards, if the data that are uploaded to the platform
had been used in a certain multicentre clinical research.

Workflow of clinical research based on the benefit-sharing
mechanism

Each participating hospital is responsible for conducting
clinical research that focuses on their allocated brain
tumour subtype by using data from the NBTRC. A strict
and standardised workflow is developed for conducting
clinical research based on the data from the platform
(figure 4).

First, the participating hospitals of the NBTRC fill out
the standard research protocol form (table 1) and submit
it to the scientific committee to apply for clinical research.
The scientific committee evaluates the research protocol
in terms of scientific and innovative quality and feasi-
bility, and makes the decision. The executive committee
assists in recruiting the hospitals willing to participate in
the research and is responsible for organising and coor-
dinating work among these hospitals. The researchers
then collect and upload research data to the NBTRC. The
executive committee extracts the data and delivers it to
the principal investigator of this study. The researchers
in the team of the principal investigator further analyse

the data and write scientific reports. During this process,
the executive committee would provide some assistance
in statistics and edition, if needed. After publication of
the report, the executive committee populates it on the
NBTRC web portal and notifies the hospitals with data
contribution.

Patient and public involvement
Patients or the public are not involved in the project.

Table 1 The research protocol form for all participating
hospitals

Name

Start and end time
Research sponsor and name of PI

Participating sites

Participants and division of work
Background

Aim

Protocol

Time schedule

References

Expected research output

Signature of the PI:
Date:

Pl, principal investigator.

Zhang L, et al. BMJ Open 2021;11:€040055. doi:10.1136/bmjopen-2020-040055



DISCUSSION

All parties using the NBTRC should benefit from the
system based on their cooperation. Benefits to the govern-
ment, participating hospitals and the patients with brain
tumour are outlined below.

Benefits of the government from the NBTRC

By supporting the construction of the NBTRC, the
government obtains reliable data to support public
policy-making, such as the rational allocation of medical
and health resource. The registration data will allow
understanding of the status of brain tumours in Chinese
population more comprehensively and accurately,
including urgent needs for diagnosis, treatment and clin-
ical research.

Benefits of the participating hospitals from the NBTRC

By taking part in the NBTRC, the participating hospitals
could improve their capabilities of data management,
clinical diagnosis and treatment, and scientific research.
The standardised data and strict data quality control of
NBTRC effectively resolve the common confusion on
data management caused by inconsistent or missing data
in the whole process of patient management including
follow-up. In addition, after approval, each hospital could
become the leader of national clinical research on a patho-
logical subtype of brain tumour and use the data from all
other participating hospitals. The multicentre and large-
sample studies have more possibility to influencing and
innovative achievements on the national and global level.
These hospitals will also benefit from participating in
multicentre clinical studies that can improve their diag-
nosis and treatment capability and academic level, and
promote their communication and cooperation.

Benefits of the patients with brain tumour from the NBTRC
Patients with brain tumour also obtain more high-quality,
convenient and inexpensive medical services after being
enrolled in the NBTRC. First, the unique referral system
of the NBTRC facilitates the referral of patients to hospi-
tals or medical teams that have higher diagnostic and
treatment capabilities within the NBTRC system. If the
data entry surgeon thinks that the patient is a difficult
case with need for further consultation or treatment, they
can apply for patient referral in the multicentre system.
The necessary medical information can be transferred to
the next doctor with demands of patient privacy protec-
tion. Consultation or accepting the patient referral can
be replied in the system. In addition, the information
networking mechanism of the NBTRC decreases the costs
of repeated and redundant examinations and eliminates
the inconvenience of patients carrying hardcopy radio-
logical films between hospitals in different regions.’
Finally, the intelligent follow-up function of the NBTRC
ensures that patients with brain tumour receive profes-
sional and timely medical consultation and assistance,
which is conducive to doctor—patient communication,

the improvement of patients’ quality of life and better
medical service.

In conclusion, the NBTRC is the first nation-wide data
platform that consists of the entire spectrum of brain
tumour entities in China. It is characterised by well-
designed organisation and management, unique benefit-
sharing mechanism and strict data quality control. As a
model for better management and more efficient use of
clinical data, the NBTRC provides a reliable reference
for government’s public policy-making process, helps
healthcare professionals manage clinical brain tumour
data, helps patients acquire high-quality and convenient
medical services, and performs specific nation-wide multi-
centre clinical research.
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