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Abstract
BACKGROUND 
Colorectal cancer (CRC) is one of the most common malignant tumors, and early 
screening is crucial to improving the survival rate of patients. The combination of 
colonoscopy and immune fecal occult blood detection has garnered significant 
attention as a novel method for CRC screening. Colonoscopy and fecal occult 
blood tests, when combined, can improve screening accuracy and early detection 
rates, thereby facilitating early intervention and treatment. However, certain risks 
and costs accompany it, making the establishment of a risk classification model 
crucial for accurate classification and management of screened subjects.

AIM 
To evaluate the feasibility and effectiveness of colonoscopy, immune fecal occult 
blood test (FIT), and risk-graded screening strategies in CRC screening.

METHODS 
Based on the randomized controlled trial of CRC screening in the population 
conducted by our hospital May 2020 to May 2023, participants who met the 
requirements were randomly assigned to a colonoscopy group, an FIT group, or a 
graded screening group at a ratio of 1:2:2 (after risk assessment, the high-risk 
group received colonoscopy, the low-risk group received an FIT test, and the FIT-
positive group received colonoscopy). The three groups received CRC screening 
with different protocols, among which the colonoscopy group only received ba-
seline screening, and the FIT group and the graded screening group received 
annual follow-up screening based on baseline screening. The primary outcome 
was the detection rate of advanced tumors, including CRC and advanced ade-
noma. The population participation rate, advanced tumor detection rate, and 
colonoscopy load of the three screening programs were compared.

https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i7.2270
mailto:18561810550@163.com
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RESULTS 
A total of 19373 subjects who met the inclusion and exclusion criteria were enrolled, including 8082 males (41.7%) 
and 11291 females (58.3%). The mean age was 60.05 ± 6.5 years. Among them, 3883 patients were enrolled in the 
colonoscopy group, 7793 in the FIT group, and 7697 in the graded screening group. Two rounds of follow-up 
screening were completed in the FIT group and the graded screening group. The graded screening group (89.2%) 
and the colonoscopy group (42.3%) had the lowest overall screening participation rates, while the FIT group had 
the highest (99.3%). The results of the intentional analysis showed that the detection rate of advanced tumors in the 
colonoscopy group was greater than that of the FIT group [2.76% vs 2.17%, odds ratio (OR) = 1.30, 95% confidence 
interval (CI): 1.01-1.65, P = 0.037]. There was no significant difference in the detection rate of advanced tumors 
between the colonoscopy group and the graded screening group (2.76% vs 2.35%, OR = 1.9, 95%CI: 0.93-1.51, P = 
0.156), as well as between the graded screening group and the FIT group (2.35% vs 2.17%, OR = 1.09%, 95%CI: 0.88-
1.34, P = 0.440). The number of colonoscopy examinations required for each patient with advanced tumors was 
used as an index to evaluate the colonoscopy load during population screening. The graded screening group had 
the highest colonoscopy load (15.4 times), followed by the colonoscopy group (10.2 times), and the FIT group had 
the lowest (7.8 times).

CONCLUSION 
A hierarchical screening strategy based on CRC risk assessment is feasible for screening for CRC in the population. 
It can be used as an effective supplement to traditional colonoscopy and FIT screening programs.

Key Words: Colorectal tumor; Immune fecal occult blood testing; Colonoscopy; Hierarchical screening; Risk assessment

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A multicenter randomized controlled trial was conducted to investigate the role of colonoscopy combined with 
immune fecal occult blood test in colorectal cancer screening and establish a risk classification model. The efficacy and 
safety of the screening methods were evaluated by comparing the colorectal cancer detection rate, early diagnosis rate, and 
adverse event rate of the screening group and the control group. At the same time, the collected data were used to construct 
risk classification models for different risk groups, so as to realize individual screening management of subjects.

Citation: Xu M, Yang JY, Meng T. Effectiveness of colonoscopy, immune fecal occult blood testing, and risk-graded screening 
strategies in colorectal cancer screening. World J Gastrointest Surg 2024; 16(7): 2270-2280
URL: https://www.wjgnet.com/1948-9366/full/v16/i7/2270.htm
DOI: https://dx.doi.org/10.4240/wjgs.v16.i7.2270

INTRODUCTION
Colorectal cancer (CRC) is a malignant tumor that occurs in the colon and rectum. According to the Global Cancer Report 
2023, there were 555477 new cases of CRC and 286162 related deaths in China[1-3]. The morbidity and mortality of this 
disease rank third and fifth among the major cancers in China, respectively, with a relatively heavy disease burden[4]. 
Population-based studies have shown that screening combined with early diagnosis and treatment is an effective means 
to reduce the incidence and mortality of CRC and improve the survival rate of patients[5]. International and domestic 
guidelines recommend CRC screening for the general population over the age of 45 or 50 years[6]. Common screening 
methods include colonoscopy, immune fecal occult blood test (FIT), and multitarget fecal FIT-DNA. Colonoscopy is the 
gold standard for CRC screening. Endoscopists perform a colorectal examination through visual probes[7-9]. If there are 
suspicious lesions, a tissue biopsy can be used for pathological diagnosis. Because colonoscopy requires intestinal 
preparation and is invasive, compliance with mass population screening is not high. In addition, colonoscopy requires 
professional endoscopists and faces the critical problem of a shortage of experienced endoscopists in mass population 
screening[10].

The FIT is the most widely used noninvasive screening method for CRC[11]. Compared with traditional chemical 
methods for fecal occult blood detection, this method has the advantages of high sensitivity and strong specificity. The 
main technical principle is to detect fecal occult blood by detecting specific human hemoglobin in the stool without the 
need for dietary or drug restrictions[12-14]. Those who are FIT-positive should undergo a diagnostic colonoscopy to 
further confirm the diagnosis. In addition, previous studies have successfully built a CRC risk prediction model based on 
CRC risk factors to assist in CRC high-risk group identification and graded CRC screening, but its effectiveness still needs 
to be verified[15].

China has a large population and an uneven distribution of medical resources, so it is imperative to explore a suitable 
screening strategy for the CRC population in China[16-18]. Randomized controlled trials (RCTs) can provide high-level 
evidence-based medical evidence for the evaluation and analysis of the benefits of different screening strategies in the 
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population, but there is still a lack of RCTs on CRC screening in the Chinese population.
Based on the first RCT study of CRC screening in China, this study analyzed the feasibility and effectiveness of 

colonoscopy, FIT, and graded screening based on risk assessment in the Chinese population to provide a theoretical 
reference for the future development of large-scale screening strategies for the CRC population.

MATERIALS AND METHODS
Research subjects
This study is a national multicenter RCT of CRC screening in the population [TARGET-C study, Chinese Clinical Trial 
Platform (http://www.chitr.org.cn)]. Participants were recruited from communities and villages according to the un-
iform inclusion and exclusion criteria.

Inclusion and exclusion criteria
The inclusion criteria for patients were as follows: (1) Had permanent residency in the study area or had resided in the 
area for ≥ 3 years; (2) Aged 50 to 74 years; and (3) Provided informed consent.

The exclusion criteria were: (1) Had a history of CRC; (2) Had a previous history of colectomy; (3) Had been diagnosed 
with cancer or had been receiving any cancer-related treatment before enrollment; (4) Had undergone colonoscopy, 
fibersigmoidoscopy, computed tomography-simulated colonoscopy, or other examinations in the past 5 years; (5) Had 
received a FIT or FIT-DNA test within the past year; (6) Had symptomatic lower digestive tract diseases or symptoms 
suggesting the need for diagnostic colonoscopy; and (7) Had severe disease and were not eligible for CRC screening.

Research grouping
The TARGET-C study planned to conduct a single screening in the colonoscopy group, a total of four rounds of annual 
screening in the FIT and graded screening groups, and long-term follow-up for all enrolled subjects. In this study, eligible 
subjects were randomly assigned to three intervention groups at a ratio of 1:2:2: (1) Colonoscopy group: Subjects who 
received a single colonoscopy at baseline screening; (2) FIT group: Subjects who received FIT tests during baseline 
screening and those who were FIT-positive who received colonoscopies. At the annual follow-up once a year thereafter, 
FIT testing will continue to be performed on eligible subjects; and (3) Graded screening group: Subjects were assessed for 
CRC risk at baseline screening, those assessed as high risk received colonoscopy, and those assessed as low risk received 
FIT (FIT-positive received colonoscopy). At subsequent annual follow-up visits once a year, eligible subjects continue to 
be offered screening consistent with baseline screening protocols. During the implementation of this project, all screening 
and testing items were free. All subjects signed informed consent forms, and the First Affiliated Hospital of Zhengzhou 
University Ethics Committee approved this study (Approval number: 18-013-1619).

Randomization and blinding design
Statistical analysis R 3.5.1 software was used to create random assignment schemes using preset random number seeds, 
which were imported into the project information management platform. The researchers who created the randomized 
assignment schemes did not help find field subjects. After completing subject recruitment, the staff of each research center 
entered the subject information into the project information management platform and conducted a qualification review. 
When the audit is successful, the project information management platform will relay to the field staff and subjects the 
group information that the system assigned. The study adopted a single-blind design; that is, the subjects and the staff 
responsible for the recruitment and management of the subjects were aware of the study grouping information and 
arranged the corresponding screening interventions, while the doctors providing clinical examination for the subjects 
were unaware of the subjects' grouping information.

Colonoscopy
The field staff contacted all the subjects who required colonoscopy by phone and made an appointment for them. The 
project team's designated medical facilities carried out all colonoscopies in accordance with standardized operating 
procedures. Standardized forms were used to collect colonoscopy (including pathological diagnosis) examination results, 
which were checked by staff and entered into the project information management platform.

FIT
FIT was performed with a self-testing quantization kit (Hangzhou Nuohui Health Technology Co., Ltd.). The staff will 
take the initiative to contact the subject and issue the FIT kit and explain the FIT operation process in detail; then, the 
subject will complete the test according to the instructions. The test results (positive, negative, or invalid) were reported 
to the smartphone app developed by the project team or were actively tracked and followed up by the staff. If the FIT is 
invalid, it should be tested again. For those who receive an FIT, the program will provide free colonoscopy. The next 
round of screening will not include members of the FIT and graded screening groups (low-risk individuals) who are FIT-
positive and have undergone colonoscopy, while other subjects (FIT-negative or FIT-positive but have not undergone 
colonoscopy) will undergo follow-up FIT screening in accordance with the study protocol.

Construction of a risk classification model
CRC risk was assessed using the Asia-Pacific CRC Risk Score system. The scoring system assigns different weights based 
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on age, sex, family history of CRC in first-degree relatives, smoking history, and body mass index, which are then added 
together to obtain the final score. According to the results of previous studies, this study defined a total APCS score ≥ 4 as 
a high risk of CRC; otherwise, it was defined as a low risk of CRC. People at high risk should undergo colonoscopy; those 
at low risk should receive an FIT, and if the FIT is positive, further colonoscopy should be performed. The colonoscopy 
and FIT procedures were consistent with those described above. Risk assessment was performed at baseline and at the 
second follow-up screening, and appropriate screening was recommended based on the assessment results and 
colonoscopy status.

Information collection
All subjects were recruited through an epidemiological questionnaire survey in which basic personal information, 
lifestyle information, intestinal disease examination history, family cancer history, and other information were collected. 
The staff checked and entered the data into the project information management platform after collecting all clinical 
examination information (colonoscopy, pathological examination, etc.) through standardized questionnaires.

Study outcomes and definitions
The final diagnosis of the patient was based on a colonoscopy and pathology report. The main outcome indicators of this 
study were advanced tumors, including CRC and advanced adenoma. The secondary outcome measures were arbitrary 
colorectal tumors, including rectal carcinoma, progressive adenoma, and nonprogressive adenoma. Advanced adenomas 
were defined as adenomas with any of the following characteristics: (1) Diameter ≥ 1 cm; (2) Villous adenoma or tubular 
villous adenoma; (3) High-grade intraepithelial neoplasia; or (4) A serrated adenoma ≥ 1 cm in diameter or with 
dysplasia. Colorectal adenomas that do not have the characteristics of advanced-stage adenomas were defined as 
nonadvanced-stage adenomas. Colorectal tumors were categorized by where they were found in the colon. Tumors in the 
splenic flexure, descending colon, and sigmoid colon were called distal colon tumors. Tumors in the transverse colon, 
hepatic flexure of the colon, ascending colon, and ileocecal region are called proximal colon tumors.

Data quality control
To ensure the consistency of the pathological diagnosis results among the different research centers, all pathological 
sections of CRC, advanced adenoma, and nonadvanced adenoma patients included in this study were reviewed by the 
same pathologist. In cases where the diagnosis is inconsistent, the final diagnosis is discussed by the project expert group. 
All the data were logically checked and reviewed.

Sample size estimation
The main outcome measure (advanced tumor detection rate) was used to determine the sample size. It was thought that 
the advanced tumor detection rate in the graded screening group would be approximately the same as that in the 
colonoscopy group and greater than that in the FIT group. Based on this assumption and compared with previous study 
data, the expected tumor detection rates in the colonoscopy group, FIT group, and graded screening group were approx-
imately 6.5%, 1.8%, and 5.0%, respectively; the population participation rates were 50%–70%, 60%–90%, and 60%–90%, 
respectively; and the overall loss to follow-up rate was 10%. When the test level α was 0.05, the degree of assurance (1-β) 
was 80%, and the detection rate of advanced tumors was 0.05%, the minimum sample sizes required for the colonoscopy 
group, the FIT group, and the graded screening group were 3417, 6834, and 6834, respectively, according to the 1:2:2 
study design.

Statistical analysis
R 4.1.3 software was used to establish the database and carry out the statistical analyses. Age, sex, educational back-
ground, and other statistical data are expressed as frequencies, and a chi-square test was used for comparisons between 
groups. Intention analysis was used to compare the rates of advanced tumor detection and negative colonoscopy results 
among the three screening programs. A multivariate logistic regression model was used to compare the differences in 
tumor detection rates in the advanced stages of different screening schemes, and the results are expressed as odds ratios 
(ORs) with 95% confidence intervals (CIs). The statistical tests used in this paper were bilateral tests, and differences with 
P < 0.05 were considered statistically significant.

RESULTS
General data of patients
The first subject was recruited and enrolled in May 2020; baseline screening (T0) was completed in May 2021; and the first 
follow-up screening (T1) was completed from June 2021 to May 2022. A second follow-up screening (T2) was completed 
between June 2022 and May 2023. A total of 19582 subjects who met the inclusion criteria were recruited. There were 
3937, 7858, and 7787 patients in the colonoscopy group, FIT group, and graded screening group, respectively. After 
further qualification checks, 54, 65, and 90 participants were excluded, respectively. A total of 19373 subjects were 
ultimately included in this study, including 3883 in the mesenteroscopy group, 7793 in the FIT group, and 7697 in the 
graded screening group. The baseline data for the three groups are shown in Table 1.
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Table 1 Comparison of baseline data among 19373 subjects, n (%)

Index Colonoscopy group (n = 
3883)

FIT group (n = 
7793)

Graded screening group (n = 
7697)

P 
value

Gender 0.172

    Male 1617 (41.6) 310 (42.5) 3155 (41.0)

    Female 2266 (58.4) 4483 (57.5) 4542 (99.0)

Age (years) 0.545

    50-54 906 (23.3) 1825 (23.4) 1836 (23.9)

    55-59 830 (21.4) 1605 (20.6) 1574 (20.4)

    60-64 992 (25.5) 1924 (24.7) 1886 (24.5)

    65-69 807 (20.8) 1729 (22.2) 1658 (21.5)

    70-74 348 (9.0) 712 (9.1) 743 (9.7)

Educational background 0.614

    Junior high school and below 2701 (73.4) 5605 (72.2) 5595 (72.9)

    High school 696 (18.0) 542 (19.9) 1495 (19.5)

    University and above 281 (7.6) 621 (8.0) 582 (7.6)

Body mass index (kg/m²) 0.614

    < 23 1395 (37.9) 2872 (37.01) 2860 (37.3)

    ≥ 23 2283 (62.1) 4896 (63.0) 4812 (62.7)

Smoking 646

    Non-smoking 2978 (81.0) 6269 (80.7) 6154 (80.2)

    Quit smoking 572 (15.6) 1217 (15.7) 1212 (15.8)

    Smoking 28 (3.5) 282 (3.6) 306 (4.0)

Drinking 0.168

    Never 2659 (72.3) 5722 (73.7) 5649 (73.6)

    Occasionally 491 (13.3) 047 (13.5) 983 (12.8)

    Law 528 (14.4) 999 (12.9) 1040 (13.6)

Family history of colorectal cancer among first-degree 
relatives

< 0.001

    Yes 60 (4.4) 335 (4.3) 473 (6.2)

    No 3427 (93.2) 7277 (93.7) 7018 (91.7)

    Unclear 91 (2.5) 156 (2.0) 161 (2.1)

FIT: Fecal occult blood test.

Population participation rates for three screening regimens
At the baseline screening, a total of 1644 colonoscopy patients in the colonoscopy group completed colonoscopy ac-
cording to the protocol, with a population participation rate of 42.3% (1644/3883). A total of 7327 participants in the FIT 
group completed the FIT examination according to the scheme, and the population participation rate was 94.0% (7327/
7793). In the graded screening group, 25 patients did not complete the risk assessment, and 1453 of the remaining 7672 
patients who were assessed as high risk were required to undergo colonoscopy; 712 of these patients completed the 
examination, and the colonoscopy screening population participation rate was 49.0% (712/1453). According to the 
protocol, 6219 people who were considered low risk had to undergo an FIT. Of those, 5845 completed the test, giving the 
graded screening group an overall participation rate of 85.2% (6557/6219) and a population participation rate of 94.0% 
(5845/6219). Overall, after three screenings, the overall population participation rates (total number of subjects or 
screening groups who completed at least one round of screening in accordance with the study protocol) in the co-
lonoscopy, FIT, and graded screening groups were 42.3% (1644/3883), 99.3% (7740/7793), and 89.2% (6865/7697), 
respectively (P < 0.05), as shown in Figure 1.
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Figure 1 Population participation rate analysis of three groups of screening programs. FIT: Fecal occult blood test.

Rates of positive FIT results and colonoscopy compliance in FIT and graded screening groups
As shown in Table 2, at the baseline screening, the first follow-up screening, and the second follow-up screening, the 
percentages of positive FIT results among the subjects in the FIT group were 13.7%, 5.6%, and 5.5%, respectively. The 
compliance rates of colonoscopy in the FIT-positive population were 76.3%, 75.7%, and 71.7%, respectively. In the graded 
screening group, the FIT-positive rates of the low-risk group were 10.2%, 3.8%, and 2.7%, and the colonoscopy co-
mpliance rates of the FIT-positive group were 76.9%, 74.6%, and 60.1%, respectively. The high risk rates for the three 
screenings were 18.9% (1453/7697), 11.6% (737/6352), and 14.9% (915/6131), respectively. The compliance rates of 
colonoscopy in the high-risk groups were 49.0% (712/1453), 6.4% (47/737), and 10.5% (96/915), respectively.

Rates of advanced tumor detection by three screening programs
The results of the intentional analysis showed that the detection rate for advanced tumors by single colonoscopy was 
2.76%. In the FIT group, the cumulative detection rates at baseline, first follow-up screening, and second follow-up 
screening were 1.15%, 1.67%, and 2.17%, respectively. The cumulative detection rates of advanced tumors at baseline, first 
follow-up, and second follow-up were 1.65%, 1.91%, and 2.35%, respectively. After three screenings, the detection rate of 
advanced adenoma in the colonoscopy group was greater than that of the FIT group (OR = 1.30, 95%CI: 1.01-1.65, P = 
0.037); there was no significant difference in the detection rate of advanced tumors between the colonoscopy group and 
the graded screening group (OR = 1.9, 95%CI: 0.93-1.51, P = 0.156), as well as between the graded screening group and 
the FIT group (OR = 1.09, 95%CI: 0.88-1.34, P = 0.440). Among the three screening programs, the detection rate of 
advanced tumors in the distal colon or rectum was greater than that in the proximal colon (P < 0.05), as shown in Table 3.

Colonoscopy load analysis
The intentional analysis showed that the colonoscopy load was 15.4 times and 4.1 times greater in the colonoscopy group 
for the detection of advanced tumors and arbitrary colorectal tumors, respectively. In the FIT group, the colonoscopy 
loads for detecting advanced tumors at baseline screening and ,first and second follow-up screening stages were 9.1, 8.3, 
and 7.8, respectively. The colonoscopy loads for detecting any colorectal tumor were 3.2, 3.1, and 3.0, respectively. The 
colonoscopy loads for advanced tumors detected at baseline screening, first follow-up screening, and second follow-up 
screening were 10.3 times, 10.5 times, and 10.2 times, respectively. The colonoscopy loads for detecting any colorectal 
tumor were 3.5, 3.4, and 3.5, respectively. The colonoscopy load for detecting lesions in the female population was greater 
than that in the male population in the three screening regimen groups (P < 0.05 for all), as shown in Tables 4 and 5.

DISCUSSION
This study is the first large-scale multicenter RCT of CRC screening in China[19]. By conducting multicenter population-
based CRC screening, the feasibility and effectiveness of three different protocols for population CRC screening were 
compared in parallel, providing high-level evidence-based medical evidence for exploring suitable strategies for CRC 
screening in the Chinese population[20]. In addition to single colonoscopy screening and the once-a-year FIT screening 
strategy, this study also evaluated a hierarchical screening strategy based on risk assessment, which is the first one at 
home and abroad[21-23]. The results of this study suggest that after three screening sessions, the overall population 
participation rate of the graded screening group was significantly greater than that of the colonoscopy group (89.2% vs 
42.3%), but the overall population participation rate was not significantly different from that of the FIT group (89.2% vs 
99.3%)[24]. The results of the intentional analysis showed that the graded screening group achieved better results than 
did the colonoscopy group (OR = 1.19, 95%CI: 0.93–1.51, P = 0.156) and the FIT group (OR = 1.09, 95%CI: 0.88-1.34, P = 
0.440), similar to the detection rate of advanced tumors[25-27]. The colonoscopy load for detecting advanced tumors was 
the highest in the colonoscopy group (15.4 times), moderate in the graded screening group (10.2 times), and lowest in the 
FIT group (7.8 times)[28]. In conclusion, the graded screening strategy based on risk assessment has good feasibility and 
high screening efficiency in the screening of CRC in the population and can significantly reduce the burden of endoscopic 
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Table 2 Comparison of fecal occult blood test positivity rate and colonoscopy compliance rate between fecal occult blood test group 
and graded screening group

Baseline screening First follow-up screening Second follow-up screening
Screening plan

FIT positivity rate Colonoscopy 
compliance rate

FIT positivity 
rate

Colonoscopy 
compliance rate

FIT positivity 
rate

Colonoscopy 
compliance rate

FIT group 13.7 (1071/7793) 76.3 (817/1071) 5.6 (341/6048) 75.7 (258/341) 5.5 (339/6113) 71.7 (2431339)

Graded screening 
group (Low-risk)

10.2 (782/7697) 76.9 (601/782) 3.8 (244/6352) 74.6 (182/244) 2.7 (163/6131) 0.1 (98/163)

FIT: Fecal occult blood test.

Table 3 Comparison of detection rates of advanced tumors

Progressive tumors (%, 95%CI) Colonoscopy group/FIT groupScreening stage

Colonoscopy group FIT group Graded screening group OR (95%CI) P value

Baseline screening

Overall 2.76 (2.29-3.32) 0.15 (0.94-1.42) 0.65 (1.39-1.96) 2.45 (1.84-3.26) < 0.001

Proximal colon 1.36 (1.05-1.78) 0.53(0.39-0.71) 0.62 (0.47-0.83) 2.62 (1.74-3.97) < 0.001

Distal colon and rectum 1.73 (1.36-2.19) 0.80 (0.62-1.02) 0.17 (0.95-1.43) 2.19 (1.54-3.12) < 0.001

Baseline screening + 1st follow-up screening

Overall 2.76 (2.29-3.32) 0.67 (1.41-1.98) 0.91 (1.63-2.24 1.68 (1.29-2.18) < 0.001

Proximal colon 1.36 (1.05-1.78) 0.72 (0.55-0.95) 0.73 (0.56-0.94) 1.91 (1.30-2.79) 0.001

Distal colon and rectum 1.73 (1.36-2.19) 1.15 (0.94-1.42 1.35 (1.12-1.63) 0.50 (1.08-2.06) 0.014

Baseline screening + 1st follow-up screening + 2nd follow-up screening

Overall 2.76 (2.29-3.32) 2.17 (1.87-2.52) 2.35 (2.04-2.71) 0.30 (1.01-1.65) 0.037

Proximal colon 1.36 (1.05-1.78) 0.96 (0.77-1.20) 0.90 (0.71-1.13) 1.46 (1.05-2.05) 0.031

Distal colon and rectum 1.76 (1.45-2.18) 1.48 (1.23-1.77) 1.65 (1.39-1.96) 1.19 (0.88-1.61) 0.244

Colonoscopy group compared to grading screening group Graded screening group/FIT groupScreening stage

OR (95%CI) P value OR (95%CI) P value

Baseline screening

Overall 1.69 (1.29-2.20) < 0.001 1.45 (1.11-1.92) 0.008

Proximal colon 2.21 (1.49-3.28) 0.001 1.19 (0.79-1.82) 0.409

Distal colon and rectum 1.46 (1.06-2.02) 0.021 1.49 (1.08-2.08) 0.017

Baseline screening + 1st follow-up screening

Overall 1.45 (1.12-1.87) 0.004 1.15 (0.91-1.47) 0.245

Proximal colon 1.9 (1.29-2.76) 0.001 1.01 (0.70-1.47) 0.941

Distal colon and rectum 1.26 (0.92-1.72) 0.148 1.18 (0.88-1.57) 0.266

Baseline screening + 1st follow-up screening + 2nd follow-up screening

Overall 1.19 (0.93-1.51) 0.156 1.09 (0.88-1.34) 0.440

Proximal colon 1.56 (1.10-2.20) 0.012 0.94 (0.68-1.29) 0.681

Distal colon and rectum 1.06 (0.79-1.42) 0.680 1.12 (0.87-1.44) 0.384

FIT: Fecal occult blood test; CI: Confidence interval.
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Table 4 Comparison of colonoscopy load for detecting advanced tumors

Advanced tumors (n, 95%CI)
Screening phase

Colonoscopy group FIT group Graded screening group

Baseline screening

Overall 15.4 (12.8-18.5) 9.1 (7.5-11.1) 10.3 (8.8-12.2)

Male 10.7 (8.5-13.5) 6.5 (5.2-8.3) 8.0 (6.7-9.5)

Female 22.9 (17.0-30.9) 14.7 (10.4-21.1) 22.4 (14.9-34.0)

Baseline screening + 1st follow-up screening

Overall 15.4 (12.8-18.5) 8.3 (7.1-9.7) 10.5 (9.0-12.2)

Male 10.7 (8.5-13.5) 6.2 (5.1-7.5) 8.2 (6.9-9.8)

Female 22.9 (17.0-30.9) 12.5 (9.4-16.7) 18.6 (13.4-26.1)

Baseline screening + 1st follow-up screening + 2nd follow-up screening

Overall 15.4 (12.8-18.5) 7.8 (6.8-9.0) 10.2 (8.9-11.8)

Male 10.7 (8.5-13.5) 5.9 (5.0-7.0) 8.3 (7.1-9.8)

Female 22.9 (17.0-30.9) 11.4 (8.9-14.5) 15.3 (11.8-20.1)

FIT: Fecal occult blood test; CI: Confidence interval.

Table 5 Comparison of colonoscopy load in random colorectal tumors

Random colorectal tumors (n, 95%CI)
Screening phase

Colonoscopy group FIT group Graded screening group

Baseline screening

Overall 4.1 (3.8-4.5) 3.2 (2.9-3.5) 3.5 (3.2-3.8)

Male 3.0 (2.7-3.4) 2.5 (2.2-2.8) 2.8 (2.6-3.1)

Female 5.6 (4.9-6.4) 4.5 (3.8-5.4) 5.9 (4.9-7.3)

Baseline screening + 1st follow-up screening

Overall 4.1 (3.8-4.5) 3.1 (2.9-3.4) 3.4 (3.2-3.7)

Male 3.0 (2.7-3.4) 2.5 (2.3-2.8) 2.9 (2.6-3.1)

Female 5.6 (4.9-6.4) 4.2 (3.6-4.9) 5.1 (4.3-6.0)

Baseline screening + 1st follow-up screening + 2nd follow-up screening

Overall 4.1 (3.8-4.5) 3.0 (2.8-3.3) 3.5 (3.2-3.7)

Male 3.0 (2.7-3.4) 2.5 (2.3-2.7) 2.9 (2.7-3.1)

Female 5.6 (4.9-6.4) 3.9 (3.5-4.5) 4.9 (4.3-5.6)

FIT: Fecal occult blood test; CI: Confidence interval.

resources in the screening of the population, which has positive significance for areas with limited medical and health 
resources[29].

The population participation rate is one of the most important indicators affecting screening efficacy[30]. Colonoscopy, 
the gold standard for CRC screening, is invasive and requires intestinal preparation, resulting in low acceptance and 
participation rates[31-33]. A multicenter study based on the Chinese Urban Population Cancer Screening Program 
included 1381561 participants recruited from 16 provinces in China from 2012 to 2015[34]. After risk assessment, 182927 
subjects were considered to be at high risk of CRC and recommended for colonoscopy, and follow-up screening revealed 
that 25593 subjects underwent colonoscopy as recommended, for a participation rate of only 14.0%. A study of CRC 
screening in four countries in Europe showed that colonoscopy screening population participation rates ranged from 
22.9% to 60.7%[35-37]. The colonoscopy screening population participation rate in the colonoscopy group in this study 
was 42.3%, which was higher than the national average but still relatively low overall, with great room for improvement. 
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As a noninvasive screening technique, the FIT has good initial screening compliance. In this study, the participation rate 
of the baseline screening population in the FIT group was 94.0%; in the graded screening group, the participation rate of 
the low-risk group was significantly greater in the baseline screening population in the FIT, and the participation rate of 
the colonoscopy group was greater in the high-risk group (94.0% vs 49.0%)[38]. Both the FIT group and the graded sc-
reening group maintained a high population participation rate in the first and second follow-up screenings, suggesting 
that FIT as a preliminary screening can not only effectively improve the population participation rate of baseline scr-
eening but also play a positive role in ensuring the participation rate of follow-up screening. In addition, in the FIT group, 
compliance with colonoscopy was significantly improved (> 70%), suggesting that in mass population screening, efficient 
and easy noninvasive screening technology should be used as a primary screening method to identify high-risk groups 
for CRC patients. This strategy can significantly improve population screening participation rates and colonoscopy 
compliance rates in high-risk populations[39].

An efficient and accurate risk prediction model is the core of a hierarchical screening strategy[40]. The APCS score data 
collected in this study included five parameters, namely, age, sex, body mass index, smoking history, and family history 
of CRC in first-degree relatives[41]. Risk assessment could be conducted based on aspects such as individual basic charac-
teristics, lifestyle, family history, etc. High-risk groups had higher detection rates of CRC and precancerous lesions. It can 
be used as a priority group for CRC screening[42]. However, this risk score did not include biomarkers related to CRC, so 
there is still much room for improvement in the efficiency of CRC risk prediction. At present, researchers have developed 
polygenic risk scores for CRC-related genetic variants based on clinical data combined with genetic information, which 
can further improve the ability of these models to predict CRC compared with traditional models[43]. In future studies, 
noninvasive screening techniques will be combined with accurate risk prediction models to further improve the pop-
ulation screening effect of graded screening strategies[44].

This study has several limitations: (1) Due to the overall follow-up time, this study could not evaluate the mortality 
rate of patients with CRC in the three screening programs, but long-term follow-up of the cohort population is still being 
carried out, and it is expected that the effects of different screening programs in reducing CRC mortality will be 
compared in the future; (2) Compliance with diagnostic colonoscopy in FIT-positive patients is still not ideal. The noncon-
formists were mainly elderly people with other diseases, which indirectly indicated that the feasibility of colonoscopy in a 
large-scale elderly population was not high; and (3) The study did not provide alternative screening modalities for high-
risk individuals in the graded screening group who refused colonoscopy, which may affect screening participation rates.

This large-scale RCT study from multiple centers across the country confirmed that the new risk-assessment-based 
hierarchical screening strategy is more practical and effective for screening for CRC than traditional colonoscopy and FIT. 
This is especially true in remote areas where medical resources are limited. Hierarchical screening is an effective scr-
eening strategy for CRC.

CONCLUSION
This study validated the efficacy of colonoscopy combined with immune fecal occult blood testing in CRC screening 
through a multicenter RCT. The results showed that the combined application of these two methods could significantly 
improve the detection rate of early CRC and precancerous lesions, and reduce the rate of missed diagnosis. At the same 
time, the risk classification model constructed by us provides an effective tool for risk stratification of screening pop-
ulations, which helps to improve the individualization and accuracy of screening strategies. The study found that high-
risk patients can be diagnosed and treated in time after screening through this model, which significantly improves the 
treatment effect and quality of life of patients with CRC.
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