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Given the rapid changes in social structure (urbanization),
economic structure (industrialization), and demographic
structure (population aging) in China, cancer has become a
major public health problem!. Extensive evidence has indi-
cated that screening can decrease cancer mortality, particularly
among high-risk groups, and several representative national
and regional cancer screening programs have been launched
in China to cope with the increasing burden of cancer; how-
ever, most of the previous studies screened for one type of
cancer at a time (single cancer screening mode), while few
focused on combined screening for several types of cancer
(combined cancer screening mode) in the general population.
Given the rising burden of multiple cancers worldwide, it is
still unclear whether the combined cancer screening mode can
improve screening effectiveness compared to the single cancer
screening mode. Moreover, it is unclear if the combined cancer
screening mode can yield more benefits than the traditional

screening mode?™ after integrating new pan-cancer markers
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and rapidly developing artificial intelligence (AI) technol-
ogy, especially in countries and regions with limited health-
care resources. To assess the feasibility and effectiveness of the
combined cancer screening mode in China, we launched the
Chinese Colorectal, Breast, Lung, Liver, And Stomach cancers
Screening Trial (C-BLAST) in 2017 in Tianjin City, China.
This article is aimed at describing the overall design of the
C-BLAST.

Overall design of C-BLAST

The C-BLAST is an open multi-stage, controlled intervention
trial designed to recruit > 200,000 asymptomatic participants
4074 years of age from Tianjin City, China, with the goal to
cover nearly 50% of the local targeted population. After online
informed consent was obtained, all asymptomatic participants
40-74 years of age in each community were assigned to the
same intervention group, while different communities in the
same district were randomly assigned to different interven-
tion groups. To ensure adequate numbers of cases detected in
the usual care group (the detection rate is expected to be less
than one-third of the combined cancer screening group) and
to ensure comparisons of different screening combinations in
the combined cancer screening group, the participants in the
usual care, traditional cancer screening, and combined can-
cer screening groups were assigned at an approximate ratio of

7:1:2. All participants underwent community hospital-based
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preliminary screening and participants with positive pre-
liminary screening received further tertiary hospital-based
screening. Participants in the usual care group only received
a questionnaire-based cancer risk assessment during prelimi-
nary screening. Participants in the traditional screening group
with a high risk of cancer after risk assessment underwent an
imaging examination, as reccommended by current guidelines.
Participants in the combined screening group received a can-
cer risk assessment, imaging examination, and biomarker and
infection tests (Figure 1). Both C-BLAST and the extended
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studies were approved by the Institutional Review Board of
Tianjin Medical University Cancer Institute and Hospital
(TMUCIH).

Community and population selection

Sixteen districts and counties, and nearly 5,690 communities
or administrative villages in Tianjin City were identified in the
Tianjin Statistics Yearbook 2017. We selected six urban districts
(Heping, Hexi, Hedong, Hebei, Nankai, and Hongqiao) and

Fifty-two communities (until December 2022) from 7 districts in Tianjin city were selected
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Figure 1 Flowchart of participant selection and intervention assignments in the C-BLAST. SMS, short message service; TMUCIH, Tianjin

Medical University Cancer Institute and Hospital.
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one suburban district (Jizhou) to obtain a relatively represent-
ative sample, according to the population size and level of eco-
nomic development. The selected districts covered at least six
communities and at least two communities per intervention
group. Representative communities were selected according
to the following inclusion criteria: 1. at least 9,000 local resi-
dents between 40 and 74 years of age in the selected commu-
nity; and 2. availability of computed or digital radiography for
chest X-ray examination and high-frequency ultrasound with
standard linear frequency probes > 5 MHz for breast ultra-
sound examination at community hospitals (Figure 2). Two
additional criteria were required for communities assigned
to the combined screening group: 1. availability of C14 urea
breath tests to detect the presence of Helicobacter pylori; and 2.
availability of a refrigerator maintained at 4°C to temporarily
store at least 30 blood samples.

Each selected community recruited 500—1,000 healthy res-
idents annually according to the following inclusion criteria:
1. 40-74 years of age; 2. living in the local community for >
3 years; 3. no evidence of cancer before recruitment; and 4.
no other severe diseases at baseline, including arrhythmias,
myocardial infarction, heart or liver failure, hemorrhagic
tendency, or acute perforation of the esophagus, stomach, or

duodenum.

Sixteen districts in Tianjin city

20

Six urban districts and 1 suburb district
were selected

0

districts.

) least 6 communities.

Screening platform

After registering on the C-BLAST screening platform (https://
c-blast.tjmucih.cn:10443/tjzl/), qualified participants were
required to sign informed consent forms online and complete
online questionnaire-based surveys, including a baseline ques-
tionnaire, a questionnaire on knowledge and attitudes toward
cancer screening, and the 12-item General Health Questionnaire
[GHQ-12 (data collected since 2023)]°. The C-BLAST screen-
ing platform provided cancer risk assessment and personal-
ized health recommendations for cancer prevention after the
questionnaire-based surveys were completed. Moreover, the
C-BLAST screening platform provided abundant online guid-
ance and a short message service (SMS) to help the participants
complete the two-step screening, improve the efficiency of the
screening procedure, and decrease potential loss to follow-up.

The detailed screening procedure is shown in Figure 3.

Questionnaire survey and risk
assessment

After online informed consent, qualified participants were

required to complete an online baseline questionnaire survey
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Figure 2 Flowchart of district and community selection in the C-BLAST. CR/DR, computed radiography or digital radiography; #, including
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Figure 3 Flowchart of the C-BLAST screening platform. SMS, short message service; PID, personal identification; CRF, case report form.

to collect participant-reported information, including demo-
graphics, anthropometric measurements (height, weight,
waist circumference, and hip circumference), family history

of cancer among first-, second-, and third-degree relatives,

history of cancer-related diseases, history of cancer screen-
ing, history of medication (nutrient and supplement intake),
cigarette smoking, alcohol consumption, physical activity,

diet, environmental and occupational exposures, infections,
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psychological factors, and female-specific information (age
at menarche, age at menopause, fertility, breast feeding, and
abortion).

Although several well-performing risk prediction models
have been developed for several common cancers, few pre-
diction models have been widely used in real-world cancer
intervention studies, including the well-known Gail risk pre-
diction model for breast cancer’. Even though the physicians
received 3 months of intensive training, no apparent increase
was observed in breast cancer risk assessment for women by
primary care physicians®. Complex risk weights and model
algorithms are considered the most important barriers to the
application and promotion of these models®. Therefore, to
simplify the preliminary cancer risk assessment tool, a sim-
ple, standardized scoring system was developed based on the
number and level of risk factors, including pan-cancer and
cancer-specific risk factors, rather than complex risk weights.
These risk factors were primarily chosen based on the Cancer
Prevention Recommendations from the World Cancer
Research Fund/American Institute for Cancer Research
and the annual Cancer Progress Report from the American
Association for Cancer Research®!?. After further excluding
factors weakly associated with cancer one-by-one, the opti-
mized tool was determined as the model with similar accu-
racy as the full model, but with a fewer number of factors. To
reduce potential false-positive results, the cancer risk assess-
ment was not directly used to recommend further screening
since 2019 but was only used for invitations to participate in

the next round of screening.
Preliminary screening

After the online application for preliminary screening was
approved by community physicians, participants underwent
preliminary screening at the community hospital on the sched-
uled date. Before the preliminary screening, a short face-to-
face interview was conducted by community physicians with
a portable Android device to verify personal identification
(PID) by linking to registry information from the screening
platform. Both case report forms (CRFs) and original images
of preliminary screening were collected on a portable Android
device, then submitted to the screening platform.
Community radiologists or sonographers with atleast 5 years
of experience performed the preliminary imaging examina-
tions, including chest X-ray, breast ultrasound (women only),

and liver ultrasound, according to the pre-defined guidelines.

Ten milliliters of blood in 2 tubes (4 and 6 mL) was collected
from each participant according to the pre-defined guidelines.
The 4-mL blood samples were used for routine marker test-
ing, including routine tumor markers, complete blood count,
fasting blood glucose, and lipid profile, while the 6-mL blood
samples were centrifuged and the DNA was extracted and
stored at —80°C until further testing for genome-wide associa-
tion analysis, circulating cell-free DNA, and other new genetic
markers. The C14 urea breath test was used to detect current
H. pylori infection, whereas Epstein-Barr virus (EBV) and
hepatitis B virus (HBV) infection status was determined by
testing for early IgG antibody to EBV (EBV-EA-IgG) and HBV
surface antigen (HBsAg), respectively.

Positive preliminary screening was defined as any abnormal
or suspicious screening finding on chest X-ray (any non-
calcified nodule or mass with a diameter > 6 mm, any other
abnormality indicating suspicion for lung cancer), Breast
Imaging Reporting & Data System (BI-RADS) 4 or 5 on pre-
liminary breast ultrasound, potential cirrhotic liver nodules or
any other abnormalities in preliminary liver ultrasound, any
routine marker above the reference value, or any positive infec-
tion (C14 urea breath test > 1000 dpm or positive HBsAg).

Further screening

For participants with positive preliminary screening findings,
the screening platform automatically reminded the partici-
pants of the online application for further screening through
a SMS. The further screening examinations included lung
low-dose computed tomography (LDCT) screening for par-
ticipants at high risk for lung cancer, breast ultrasonography
and mammography for breast cancer, liver ultrasound for liver
cancer, and upper gastrointestinal endoscopy for stomach can-
cer. To improve the data quality in further screening, all fur-
ther screening examinations were performed by radiologists,
sonographers, or endoscopists with at least 5 years of experi-
ence at TMUCIH and recorded with online CRFs according to
pre-defined guidelines. The original images were also required
to be uploaded within 1 month according to the criteria for the
preliminary original images.

Notably, colorectal cancer screening has been covered by the
Tianjin Colorectal Cancer Screening Program, a basic public
health program in Tianjin covering a large percentage of the
population. To avoid the duplication of resources for colorec-
tal cancer screening, all data on colorectal cancer screening,

including the fecal immunochemical test and colonoscopy



examination findings, were obtained by linking to the colorec-
tal cancer screening system.

A positive further screening finding was defined as Lung
CT Screening Reporting & Data System (LUNG-RADS)
4A/4B/4X on LDCT, BI-RARDS 4/5 on further breast ultra-
sonography or mammography, potential cirrhotic liver
nodules or Liver Reporting & Data System (LI-RADS) 3 on
further liver ultrasound, or any abnormal/suspicious precan-
cerous lesions (moderate—to—severe atrophic gastritis, intes-
tinal metaplasia, or dysplasia) on biopsy after upper gastro-

intestinal endoscopy.
Follow-up and endpoints

Patients with suspected cancer based on positive findings
on further screening were recommended to undergo a diag-
nostic examination and clinical treatment. Active follow-up
was performed to confirm whether death occurred and/or a
cancer diagnosis was given, or to determine the reasons for
non-response to the screening platform after the last SMS
reminder following a positive screening finding. Participants
with a positive screening finding, including high risk scores
after cancer risk assessment but without any confirmed cancer,
were invited to participate in the next round of screening. In
addition, annual passive follow-up was performed for all par-
ticipants by linking to the local Cancer Registration System,
the local Death Registration System, the Hospital Information
System (HIS) of TMUCIH, and the local Health Big Data plat-
form linked to the HISs of 96 secondary and tertiary hospitals
in Tianjin.

Incident cancer was confirmed by pathologic evaluation,
clinical diagnosis, the 10t revision of the International
Statistical Classification of Diseases and Related Health
Problems (ICD-10) code indicating cancer or linking to any
local health big-data system. If a cancer diagnosis was con-
firmed, further clinical information was collected, including
the date of diagnosis, tumor size, lymph node metastasis, dis-
tal metastasis, and available treatment data. Cancer-specific
deaths were confirmed by clinical diagnosis, ICD-10 codes
indicating cancer deaths, or linking to health big-data
systems.

All participants were censored at the date of incident cancer
or death, loss to follow-up, or the latest qualified follow-up,
whichever came first. Until December 2022, the C-BLAST had
recruited 153,475 participants with 184,058 qualified screen-
ings, including 30,583 repeated screenings among 24,772
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participants, and 2901 participants with any cite of cancers
before recruitment (3427 registrations), and a total of 2016

participants died before the latest follow-up.
Discussion

Combined cancer screening is expected to decrease overlap
among basic labor output, devices, and costs of various can-
cer screening efforts compared to the single cancer screen-
ing mode, thereby increasing the cost-effectiveness of the
single cancer screening mode. More importantly, owing to
shared risk factors!! and potential shared pathogenic genetic

mutations!>!?

, combined cancer screening would potentially
decrease missed early detection for multiple cancers and
would combine the weak benefits of single cancer screen-
ing to achieve clear pooled benefits due to an increased
adoption of healthful lifestyles (smoking cessation, alco-
hol abstinence, exercise, weight control, and healthy diet)
after multiple positive screening findings and health-related
advice!®!1>. Furthermore, the adoption of healthy lifestyles
would also prevent more deaths from vascular and respiratory
conditions than from cancer given the multimorbidity of non-
communicable diseases!®!3, Beyond the above benefits, multi-
ple positive screens would increase active seeking of additional
healthcare, thereby potentially increasing over-examination,
over-diagnosis, and the psychological stress resulting from
cancer diagnosis'*?. Therefore, to evaluate the comprehensive
effectiveness of combined cancer screening, researchers should
shift their focus from screening targeted cancers to all-site neo-
plasms, from assessing cancer-specific mortality to all-cancer
mortality, from effectiveness evaluation based on endpoints to
promotion of healthy lifestyles, and from examining benefits
alone to benefit-harm trade-offs.

The combined cancer screening design, particularly the
use of multiple screening tests and examinations in the
selected population (risk assessment, imaging examination,
biomarker tests, infection tests, and original image collec-
tion) will enable the C-BLAST to investigate more novel
pan-cancer markers and more optimized combined screen-
ing strategies compared to previous studies. Moreover, the
collected original images will enable the C-BLAST to develop
more Al-assisted screening diagnosis tools and provide
more comprehensive cross-omics analyses after integrat-
ing the exposome, genomics, and radiomics®*. The annu-
ally updated GHQ-12 data will allow for evaluation of the

short- and long-term effects of positive screening results on
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psychological stress, screening behavior, and cancer inci-
dence'®?. The annually updated investigation of knowl-
edge and attitudes toward cancer screening would enable
C-BLAST to evaluate whether adherence to personalized
health recommendations after cancer risk assessment inter-
acts with cancer screening and increasing cancer prevention
benefits. Finally, the screening platform can be used as a
model for a comprehensive platform for collecting screening
data at different levels and integrating Al analysis, data shar-
ing, and health education.

In conclusion, the C-BLAST is a community-based inter-
vention trial based on an open cohort, aimed at evaluating
the real-world feasibility and efficacy of combined cancer
screening, improving the overall capacity for cancer screen-
ing in low-resource areas, and finally significantly decreasing
the burden of major types of cancers. The C-BLAST is also
expected to provide insight into combined cancer risk assess-
ment, pan-cancer biomarker identification, Al-assisted cancer
screening, and comprehensive interventions for multimorbid

non-communicable diseases.
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