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ABSTRACT

Introduction Screening for colorectal cancer (CRC) is
effective in reducing the disease burden. However, high-
level evidence from randomised controlled trials on the
effectiveness of CRC screening modalities is still lacking.
We will conduct a large-scale multicentre randomised
controlled trial in China to evaluate the effectiveness and
cost-effectiveness of different CRC screening strategies.
Methods and analysis 20000 eligible participants aged 50—
74 years are enrolled in five provinces in China. After providing
signed informed consent, the participants will be randomised
into one of the three screening groups: (1) one-time
colonoscopy (n=4000), (2) annual faecal immunochemical
test (FIT) (n=8000) and (3) annual risk-adapted screening
strategy (n=8000). The risk-adapted screening strategy will
use an established CRC risk scoring system, the Asia-Pacific
Colorectal Screening score. Participants at high risk of CRC
will be referred for colonoscopy, while participants at low

risk will be referred for an FIT. Information on clinical reports,
epidemiological risk factors and health economic factors will
be collected and stored in a web-based data management
system. We will further request the participants to donate
blood, faecal and saliva samples before conducting the
colonoscopy. The primary outcome will be the detection rate
of advanced colorectal neoplasia and the secondary outcomes
will include the rates of CRC-related mortality, incidence of
CRC, participation and complications. The study will last for at
least 4 years and the cohort will be followed for 10 years to
adequately answer the scientific questions.

Ethics and dissemination This study was approved by

the Ethics Committee of the National Cancer Center/Cancer
Hospital, the Chinese Academy of Medical Sciences and
Peking Union Medical College (18-013/1615). The results of
the study will be submitted for publication in peer-reviewed
journals and will be discussed by policy and decision makers.
Trial registration number ChiCTR1800015506.

INTRODUCTION

Colorectal cancer (CRC) is the third most
commonly diagnosed cancer and the second
most common cause of cancer-related death
worldwide.! In China, with estimated 376 300

Strengths and limitations of this study

» This is the first large-scale population-based trial in
China to compare the effectiveness and cost-effec-
tiveness of three different colorectal cancer (CRC)
screening strategies targeting adults aged 50-74
years.

» A comprehensive health-economic evaluation will
be performed to evaluate the cost-effectiveness of
the different screening arms and policy advice will,
therefore, be provided based on the study findings.

» Prospective biospecimens collected before screen-
ing colonoscopy will be a valuable resource to ex-
plore novel biomarkers for the early detection of CRC
in further research.

» The sample sizes of the study population may not
be adequate to compare mortality reduction among
the three screening arms after long-term follow-up.

newly diagnosed CRC cases and 191 000
CRC-related deaths in 2015, the incidence
and mortality ranked fourth and fifth of all
cancer types, respectively. The incidence and
mortality of CRC in China have been steadily
increasing in recent decades.” Therefore, the
establishment of strategies to curb the rising
momentum of CRC in China is strongly
required.

Evidence from randomised controlled trials
and observational studies has demonstrated
that screening could reduce the burden of
CRC.” The established screening modalities
include colonoscopy, flexible sigmoidoscopy
and stool-based tests such as the faecal occult
blood test (FOBT), which have been widely
used in many screening programmes world-
wide.”® Colonoscopy is the gold standard for
CRC. However, in population-based screening
programmes, colonoscopy is limited by low
compliance rates, potential complications,
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high costs and limited resources.’ ' Guaiac-based FOBT
(gFOBT) was introduced in the 1980s. Although the
sensitivity of gFOBT for detecting CRC is not optimal,
randomised controlled trials demonstrated that screening
by gFOBT yielded a reduction in CRC mortality.” The
newly developed faecal immunochemical test (FIT) for
haemoglobin showed superior diagnostic performance
compared with that of traditional gFOBT."" However,
evidence from randomised controlled trials evaluating
the screening efficacy of FIT is still lacking, especially in
the Chinese population.'!

Current guidelines recommend CRC screening for aver-
age-risk adults starting at 50 years of age.'*"” However,
in countries with unbalanced and limited healthcare
resources, identification of high-risk populations and the
development of risk-adapted screening strategies may
be more cost-efficient than traditional screening strate-
gies. Previous studies developed CRC risk scores based
on environmental and/or genetic factors, which typically
presented moderate diagnostic efficacy.'® The combina-
tion of risk scores and established screening modalities
such as colonoscopy and FIT had been proposed and has
shown promising diagnostic performance."'”*® However,
further validation of such risk-adapted screening strat-
egies in large prospective cohorts and randomised
controlled trial are sparse.

Identification of biomarkers for the early detection of
CRC is a promising area of research. Different types of
biomarkers, including blood proteins, blood DNA meth-
ylation, faecal DNA, faecal microbiota and oral micro-
biota, have been associated with CRC and could be targets
for the early detection of CRC." The use of ongoing

screening trials to construct a biobank will be both time-
saving and economical and will also be an important plat-
form for future biomarker identification and validation.
CRC screening in China has been implemented in
several regions over the past decades.”’ *' However,
high-quality evidence for the recommendation of CRC
screening in the Chinese population is still lacking and
in high demand.” Therefore, we plan to conduct a popu-
lation-based, multicentre, randomised controlled trial
comparing colonoscopy, FIT and a novel risk-adapted
CRC screening strategy in the Chinese population, with
the following aims: (1) to establish a large-scale CRC
screening cohort with long-term follow-ups in China,
(2) to evaluate the effectiveness and cost-effectiveness of
different CRC screening strategies in the Chinese popu-
lation and (3) to construct a large epidemiological and
clinical database and a biobank for further studies.

METHODS AND ANALYSIS

Study setting and design

This prospective, multicentre, randomised controlled trial
will compare multiple CRC screening strategies in China.
Participants who meet the study inclusion and exclusion
criteria will be recruited in five provinces in China. We
aim to recruit at least 20 000 eligible participants at base-
line. After obtaining signed informed consent, eligible
participants will be randomly allocated into one of the
three CRC screening groups in a 1:2:2 ratio (figure 1).
A 4-year screening phase (with 1year baseline screening
and 3 years of follow-up screening) will be conducted for
all participants and a subsequent passive follow-up phase
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will also be implemented until the scientific questions

are answered adequately. Detailed information about the

follow-up is described in the following section.

1. Colonoscopy group (n=4000): participants are recom-
mended to undergo a one-time screening colonoscopy
at baseline. Abnormal findings removed during colo-
noscopy will be sent to pathology for further analysis. In
the following years, all participants will be interviewed
to complete the follow-up questionnaire annually.

2. FIT group (n=8000): FITs are offered to the partici-
pants annually. Participants with positive FIT findings
are recommended to undergo a diagnostic colonosco-
py. Abnormal findings removed during colonoscopy
will be sent to pathology for further analysis.

3. Risk assessment group (n=8000): CRC risk will be as-
sessed using an established CRC risk stratification scor-
ing system at baseline. For participants at high risk of
CRC, screening colonoscopy will be offered. For par-
ticipants at low risk of CRC, FITs will be offered and
those with positive FIT results will be recommended
to undergo further colonoscopy. During the annual
follow-ups, participants with negative FIT results and
those who have not had a screening colonoscopy will
complete another round of risk assessment and the
same screening procedures as at baseline will be of-
fered. Participants who have already undergone screen-
ing colonoscopy will be provided no further screening
intervention but the participants will complete a ques-
tionnaire annually during the study period.

Randomisation and allocation procedure

The randomisation will be conducted in a centralised,
controlled manner. The leading institute (Cancer
Hospital, Chinese Academy of Medical Sciences) is
responsible for the generation of the randomisation
scheme using a predefined seed from the statistical soft-
ware R. Before recruitment, both the staff responsible
for recruitment at each site and the participants will be
blinded to the allocation results. The allocation results
will be revealed after successful registration of the subject
in a web-based data system. At the time of randomisation,
each patient will be assigned a unique Study Identifica-
tion Number (SIN), which will be used during the entire
study period.

Study population and recruitment

Participants aged 50-74 years who live in the study region
and are able to sign informed consent are eligible for this
study. The exclusion criteria are (1) prior history of CRC;
(2) prior history of colonic resection; (3) receipt of any
kind of cancer-related therapy (except for non-melanoma
skin cancer); (4) prior colonic examination, including
colonoscopy, flexible sigmoidoscopy, CT colonography
and barium enema within 5 years; (5) prior history of
FOBT and faecal DNA test within 1year; (6) symptoms
of lower gastrointestinal tract disease warranting colonos-
copic evaluation, including (a) more than one episode of
rectal bleeding within the past 6 months, (b) documented

iron deficiency anaemia and (c) significant documented

unintentional weight loss (>10% of baseline weight) over

6 months; and (7) significant comorbidity that would

preclude benefit from screening or pose a significant

risk to the performance of colonoscopy (eg, severe lung
disease, end-stage renal disease, end-stage liver disease,
severe heart failure or recent diagnosis of cancer, with the
exception of non-melanoma skin cancer).

The recruitment procedures will include the following
steps:

1. Recruitment of potential participants aged 50-74 years
in the selected communities and checking for eligibili-
ty by trained study staff.

2. Signed written informed consent obtained from the
eligible participants by trained study staff.

3. Registration of the participant in the web-based data
management system, SIN assignment and randomisa-
tion results revealed.

4. Conducting respective intervention strategies per
protocol.

Interventions

Colonoscopy

Standard clinical procedures for the screening colonos-
copy will be followed, including appointment; obtaining
informed consent; routine blood testing for infectious
diseases including hepatitis B virus, hepatitis C virus
and HIV infections (if required by the hospitals, other-
wise not implemented); distribution of bowel prepara-
tion drugs; diet control; anaesthesia (if required by the
participants); and colonoscopy examination. The colo-
noscopies will be performed by experienced endoscopists
with >b years of experience in performing colonoscopy.
Abnormal findings during colonoscopy will be carefully
checked under standard clinical procedures and tissue
specimens will be collected for further pathology diag-
nosis. Any findings during colonoscopy are required to be
documented photographically. Clinical information such
as the examination duration, sedation status, complete-
ness of colonoscopy, bowel preparation status, complica-
tions, polyp features (number, position, size, colour and
shape), description of other abnormal findings, as well as
pathology diagnosis will be collected and documented in
the web-based data management system.

For quality control, an expert panel will be formed,
including experienced endoscopists and pathologists.
Each year, a selection of colonoscopy and pathology
documentation will be assessed by the expert panel and
review reports will be transferred to the respective physi-
cians regarding their performance.

Faecal immunochemical test

FITs for human haemoglobin will be provided by the
study staff to participants after successful registration
in this study. The FIT used in this study is a self-admin-
istered qualitative test, providing an endpoint, that
is, visually interpreted as positive or negative by eye
if the faecal haemoglobin concentration exceeds the
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Table 1 Risk factors and respective proposed points for
Asia-Pacific Colorectal Screening scores to be used in this
trial

Risk factor Criteria Points
Age (years) <50 0
50-69 1
>70 2
Sex Female 0
Male 1
Family history of colorectal Absent 0
cancer in a first-degree Eresent 1
relative
Smoking No 0
Current or past 1
BMI <23 0
>23 1

BMI calculated as weight (kg)/height?(m?).
BMI, body mass index.

manufacturer-specific threshold (100ng Hb/mL buffer,
corresponding to 10pg Hb/g faeces). A previous pilot
analysis demonstrated that the sensitivities of 76% and
37%, respectively, for the detection of CRC and advanced
adenomas, at a specificity of 92% (data not publicly avail-
able). The participants can submit the results to the study
website along with the picture of the test window or will
be interviewed by the study staff regarding the test results
within 3 days of distributing the FIT. For participants with
invalid test results, new test devices will be provided until
a result is available. Participants with confirmed positive
FIT results will be contacted and a follow-up colonoscopy
will be arranged.

CRC risk assessment

This study will use an established CRC risk scoring system,
the Asia-Pacific Colorectal Screening (APCS) score. 2
The APCS score is derived from five common risk factors
of CRC, including age, sex, family history of CRC in a
first-degree relative, smoking and body mass index (BMI).
In a previous study conducted in Hong Kong, the sensi-
tivity, specificity, positive predictive value and negative
predictive value of the risk score for detecting advanced
neoplasms were 33.3%, 81.0%, 5.17% and 97.5%, respec-
tively, defining a score >4 as high risk for CRC.” Based
on previous evidence, we designed the risk score system
and detailed information shown in table 1. Generally,
the participants of the risk-adapted screening group
will be asked to complete a questionnaire including the
above-mentioned risk factors. Participants with a score >4
are defined to be at high risk of CRC, while those with
a score <4 are defined to be at low risk of CRC. Partici-
pants will be informed about their evaluation results and
receive the respective screening intervention as per the
study protocol.

Patient and public involvement

During the process of recruitment, study staff will inform
the participants about the research question, study
design and screening intervention. The participants can
quit the study and withdraw their informed consent at
any time based on their priorities, experiences or pref-
erences. The participants and the public had no role in
the study design, recruitment and conduct. All screening
interventions will be provided to the participants at no
cost (compensated by this study), except for the subse-
quent therapeutic costs which must be paid by the partici-
pants themselves. At the recruitment phase, the study staff
will inform the participants of the burden of the inter-
vention and potential subsequent therapeutic procedure.
The study staff will also disseminate to the participants a
report summarising the screening results.

Biospecimen collection and handling

Participants who require colonoscopy will be invited to
donate stool, saliva and blood samples prior to colonos-
copy. Standard operating procedures (SOPs) regarding
biospecimen collection, handling and storage have been
formulated and will be followed.

For stool samples, collection devices (sample collection
vials, ice bags, isothermal bags and operation brochures)
will be distributed. On the day before the colonoscopy,
the participants will be suggested to collect raw stool
samples before taking bowel cleaning drugs for colonos-
copy. The participants will be recommended to store the
samples in the freezer or in the isothermal bags with ice
bags until transported to the hospital. The samples will
be stored at -80°C immediately on receipt for future use.

For saliva samples, participants will be provided with
sample collection tubes containing oral DNA stabilisation
buffer during their visit to the hospital before the colonos-
copy. Study staff will guide the participants on the saliva
sample collection procedure. The collected samples will
be aliquoted immediately and stored at -80°C for future
use.

Approximately 10 mL venous blood samples (including
5mL ethylenediaminetetraacetic acid anticoagulated
blood and 5 mL non-anticoagulated blood) will be drawn
from the participants during their visit to the hospital
before colonoscopy. Under the SOPs, the blood samples
are to be centrifuged, aliquoted and stored at -80°C for
future use.

Follow-up

The study will conduct both active and passive follow-up.
For the active follow-up, all the participants will be inter-
viewed by trained study staff by telephone call, home
visit or other contact methods for the collection of infor-
mation such as physical examination, health status and
outcome. For the passive follow-up, linkage data from
the cancer registry system, death surveillance system and
medical insurance and claim databases will be used to
track the outcome of the participants.
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Contamination evaluation

During the study period, the study team will contact
the participants to evaluate the status of CRC beyond
the study protocol. The extra screening examinations
attended by the participants during the study period
are not allocated by randomisation and, therefore,
may introduce bias to the study results. To evaluate the
contamination status of this study, all participants whose
screening findings are negative will complete one round
of questionnaire interview in the fourth year of the
study. Information regarding the history of diagnostic
or colonic examination screening will be collected and
assessed. We anticipate controlling the contamination
rate to be <10%. The final analysis report will consider
the contamination when estimating the effects of
screening.

Outcome measures

The primary outcome is the detection rate of advanced
colorectal neoplasia (CRC and advanced adenoma).
The secondary outcomes include the rates of CRC
mortality, detection of any neoplasm, compliance and
complications.

Data collection

Epidemiological risk factor investigation

A standardised epidemiological questionnaire will be
administered by trained interviewers to all participants to
investigate the risk factors of CRC. Information including
sociodemographic factors, history of bowel disease and
clinical treatment, living habits, disease history and
family history of cancer will be collected and stored in a
web-based data management system.

Health economic information

A comprehensive health economic evaluation will be
conducted. Questionnaires including the EuroQol five
dimensions questionnaire (EQ-5D) and EQ-5D-5L will
be used to measure the health state of the participants.
The direct costs of materials, equipment, personnel,
drug and other resources will be collected from all partic-
ipating sites to estimate the cost-effectiveness of different
screening strategies in this clinical trial.

Data monitoring committee

A data monitoring committee comprising epidemiolo-
gists, endoscopists, pathologists and colorectal surgeons
will monitor data collection and analyses. All data will be
transmitted to the Central Data Management Team at
the National Cancer Center of China/Cancer Hospital
Chinese Academy of Medical Sciences, where the data-
bases are constructed and analyses are performed. In
addition, any adverse events, such as perforation and
bleeding, will be recorded in standardised forms by
the study sites and will also be reported to the ethics
committee for their records.

Statistical considerations

Sample sizes

Sample sizes were calculated based on the evaluation of
primary outcomes; that is, the detection rate of advanced
colorectal neoplasia. The hypothesis was that this rate in
the risk-adapted screening group was superior to that of
the FIT group and non-inferior to that of the colonos-
copy group. According to previous studies, the reference
advanced neoplasia detection rates of colonoscopy, FIT
and risk-adapted screening groups were 6.5%, 1.8% and
5.0%, respectively.13 * We assumed compliance rates
of 50%-70% for colonoscopy, 60%-90% for FIT and
60%-90% for the risk-adapted screening strategy and
an overall loss-to-follow-up rate of 10%. For the compar-
ison between the risk-adapted screening strategy and the
FIT groups for different scenarios of compliance rates,
the largest sample size needed was 6550 at a significance
level of a=0.05, power of 0.8 and superiority margin (J)
of -0.005. For comparison between the risk-adapted
screening and colonoscopy groups, assuming respective
compliance rates of 85% and 60%, the required sample
sizes were 6032 and 3016, respectively, for a significance
level of 0=0.05, power of 0.8 and non-inferiority margin
(8) of —0.001. Therefore, the sample sizes in this study
design (4000 for the colonoscopy group, 8000 for the FIT
group and 8000 for the risk-adapted screening group)
will accomplish the study hypotheses.

Statistical analyses

The primary outcome analysis will be comparisons of
histologically confirmed CRC and advanced adenoma
between the three intervention arms, taking the compli-
ance rate into consideration. Intention-to-treat and
per-protocol analyses will be conducted. For secondary
outcomes, the mortality rate will be calculated as the ratio
of the number of deaths due to CRC to the person-years
at risk for each group. Person-years will be estimated
from the time of randomisation to the diagnosis date
of CRC, death or censoring at the end of the study. The
incidence rate will be estimated similarly. Chi-square and
t-tests will be used to compare categorical and continuous
variables between the two groups, respectively. The Cox
proportional hazards regression model will be adopted
to examine the differences in incidence and mortality
between different screening groups. For health economic
evaluations, Markov models will be developed to eval-
uate the cost-effectiveness of different CRC screening
strategies in China. Statistical software such as SAS V.9.2,
R V.3.4.1 (R Foundation for Statistical Computing,
Vienna, Austria) and TreeAge Pro 2016 (TreeAge Soft-
ware, Williamstow, Massachusetts, USA) will be used for
the data analyses.

Ethics and dissemination

The results of the study will be submitted for publica-
tion to peer-reviewed journals and conferences following
the Consolidated Standards of Reporting Trials guide-
lines. The results will be discussed by policy and decision
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makers. Access to the detailed research plan, partici-
pant-level dataset and code for statistical analysis will be
granted based on reasonable requests after the publica-
tion of the study.

Trial status

This screening trial is currently in the participant enrol-
ment phase. A total of 1600 eligible participants have been
randomised and are under respective CRC screening as
of August 2018. We anticipate the full analysis to be final-
ised in December 2021.

DISCUSSION

Our study aims to evaluate the effectiveness and cost-ef-
fectiveness of three CRC screening strategies in China.
To our knowledge, this is the first large-scale randomised
controlled trial on CRC screening based on a commu-
nity population in China. Colonoscopy is the gold stan-
dard for CRC screening and FIT is the most widely used
non-invasive CRC screening test. However, the magnitude
of the effect of colonoscopy and FIT in population-based
CRC screening is uncertain due to a lack of evidence from
randomised controlled trials. To date, three large-scale
randomised controlled trials (SCREESCO, CONFIRM
and COLONPREV) have compared colonoscopy or FIT
screening regarding CRC incidence and mortality.”** All
three trials are ongoing and being conducted in Europe
and North America. Our study will be the first large-scale
CRC screening trial in Asia. In addition, we also include
a novel risk-adapted screening strategy that incorporates
risk assessment with established screening methods. Our
study will provide strong evidence on the effectiveness
and feasibility of different strategies for CRC screening
in China.

In recent years, the burden of CRC has been increasing
in East-Asia due to changes in diet and Westernised life-
styles.”” Countries including China, Japan and South Korea
have implemented organised screening programmes. For
instance, in Japan, the CRC screening programme initi-
ated in 1992 uses FIT as the main screening method, the
cost of which is covered by the national health insurance.”
In China, individuals aged 40-74 years are screened with
FOBT or colonoscopy based on clinical risk indexes in
some regions but not the entire country.®” Furthermore,
the most appropriate techniques for different popula-
tions in China are still under debate. The results of our
study will, therefore, provide high-level evidence to design
CRC screening strategies for China and will also provide
an essential reference for other countries.

We plan to finish the baseline recruitment and base-
line screening for this study before June 2019 and will
have a total of three rounds of screening intervention FIT
and risk-adapted screening groups. Long-term passive
follow-up will also be conducted to determine the health
outcomes of the participants for the evaluation of the
long-term effect of CRC screening. Our study has several
strengths. First, the prospective randomised design will

minimise selection bias and provide high-level evidence
compared with those of other designs such as cross-sec-
tional studies. In addition, except for active follow-up,
we will also implement passive follow-up using multiple
resources such as cancer registry, death surveillance
system and medical insurance and claim databases to
track the outcomes of the study participants. We will also
construct a large biobank using prospectively collected
specimens. This biobank will serve as an essential plat-
form for biomarker identification and validation for
further investigations.

The major challenges of this study are control of loss to
follow-up and quality control of a multicentre project. To
address such concerns, we will employ experienced study
staff to regularly contact and visit the participants. More-
over, a health education campaign will be conducted
to improve health literacy by means of lectures, videos,
advertisements and social media. For quality control, we
will build an expert panel including experts in epide-
miology, endoscopy, pathology and surgery. A capacity
training workshop will be held annually and a selection
of study reports will be reviewed to ensure study quality.

In summary, this large-scale multicentre randomised
controlled trial will compare three CRC screening strate-
gies. Successful implementation of this study will provide
strong evidence on the effectiveness and cost-effectiveness
of CRC screening and provide an essential reference for
policy-makers to design national screening programmes.
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