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Objective: To compare the screening efficacy of colonoscopy and pathologically confirmed single and combined Asia-Pacific 
colorectal screening (APCS), faecal immunochemical testing (FIT) and stool deoxyribonucleic acid (sDNA) testing protocols.
Methods: From April 2021 to April 2022, 842 volunteers participated in primary colorectal cancer (CRC) screenings using APCS 
scoring, FIT and sDNA testing and 115 underwent a colonoscopy. One hundred high-risk participants were then identified from the 
results of both processes. The differences in the three CRC screening tests in combination with the colonoscopy pathology diagnostics 
were evaluated using Cochran’s Q test, the Dunn–Bonferroni test and area under the receiver operating characteristic curve (AUC) 
value analysis.
Results: Both FIT and sDNA testing demonstrated a 100% performance in detecting CRC. For advanced adenoma, the sensitivity of 
the FIT + sDNA test scheme (double positive) was 29.2%, and the sensitivities of the combined FIT + sDNA test and APCS scoring + 
sDNA test schemes were 62.5% and 95.8%, respectively. The FIT + sDNA testing kappa value of advanced colorectal neoplasia was 
0.344 (p = 0.011). The sensitivity for nonadvanced adenoma of the APCS score + sDNA test scheme was 91.1%. In terms of positive 
results, the sensitivity of the APCS score + FIT + sDNA detection protocol was significantly higher than that of the APCS score, FIT, 
sDNA detection, and FIT + sDNA detection methods (adjusted p < 0.001, respectively). For the FIT + sDNA test, the kappa value was 
0.220 (p = 0.015) and the AUC was 0.634 (p = 0.037). The specificity of the FIT + sDNA test scheme was 69.0%.
Conclusion: The FIT + sDNA test scheme demonstrated superior diagnostic efficacy, and the combined APCS score + FIT + sDNA 
test scheme demonstrated remarkable improvements in CRC screening efficiency and sensitivity for detecting positive lesions.
Keywords: faecal immunochemical testing, stool DNA test, colonoscopy, primary screening, colorectal cancer

Novelty and Impact
The Asia-Pacific colorectal screening (APCS) score, faecal immunochemical test (FIT) and stool DNA (sDNA) test have 
been widely applied in colorectal cancer (CRC) screening. However, the diagnostic performances of all three in various 
combinations have not thus far been compared in a single study of CRC screening. As such, the effectiveness of a variety 
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of screening schemes used to generate colonoscopy and pathology results were analysed, confirming that the combined 
FIT + sDNA test scheme exhibited superior diagnostic efficacy and that the combined APCS scoring + FIT + sDNA test 
scheme demonstrated a remarkable improvement in efficiency and the sensitivity of positive lesion results.

What is Already Known on This Topic – Summarise the State of Scientific 
Knowledge on This Subject Before You Did Your Study and Why This 
Study Needed to be Done
Non-invasive screening for CRC is effective and can reduce the incidence and mortality rates; however, the diagnostic 
performances of the APCS, FIT and sDNA tests in various combinations have not been compared in any individual study 
pertaining to CRC screening.

What This Study Adds – Summarise What We Now Know as a Result of 
This Study That We Did Not Know Before
The FIT + sDNA test scheme demonstrated superior diagnostic efficacy, and the combined APCS score + FIT + sDNA 
test scheme demonstrated remarkable improvement in terms of efficiency and sensitivity for detecting positive lesions in 
CRC screening.

How This Study Might Affect Research, Practice or Policy – Summarise the 
Implications of This Study
The primary screening programme adopted in this study using the APCS score with FIT + sDNA testing could be applied 
to improve screening efficiency and the diagnostic sensitivity of positive lesions.

Abbreviations
Confidence interval (CI); advanced adenoma (AA); advanced colorectal neoplasia (ACN); Asia-Pacific colorectal 
screening (APCS); area under the receiver operating characteristic curve (AUC); colorectal cancer (CRC); cycling 
threshold (CT); faecal immunochemical testing (FIT); high-grade intraepithelial neoplasia (HGIN); low-grade intrae
pithelial neoplasia (LGIN); multitarget stool DNA (mtsDNA); nonadvanced adenoma (NAA); receiver operating 
characteristic (ROC); syndecan-2 (SDC2); stool DNA (sDNA); standard error (SE).

Introduction
Colorectal cancer (CRC) is the third most common cancer worldwide, with the second highest mortality rate, presenting 
a serious burden on society.1 A prognosis of CRC survival is associated with the nascent stages of the disease, where only 
precursor lesions, such as adenomatous polyps or sessile serrated lesions, are present. The development of cancer within 
approximately 10 years provides an important time window for early lesion detection in screening,2,3 which has been 
proven to reduce CRC incidence and mortality in randomised controlled clinical trials.3,4 Currently, the methods for CRC 
screening differ worldwide based on population risk and resources.3 Colonoscopy with high specificity is a diagnostic 
criteria for CRC, and this is key to the early detection of lesions and improving the patient’s quality of life. However, due 
to its invasiveness, complex preparation process, patient discomfort and high cost, compliance is low.5–7

Studies have reported that a CRC screening model combining faecal immunochemical testing (FIT) and Asia-Pacific 
colorectal screening (APCS) scoring predicted the risk of advanced colorectal tumours in the asymptomatic Asian 
population,8,9 with the advantage of a convenient form resulting in good compliance. In fact, APCS scoring has achieved 
optimal cost-effectiveness and primary screening efficiency.8 Nevertheless, due to its characteristics of higher sensitivity 
and lower specificity, APCS scoring increases the burden on resources. Meanwhile, FIT is highly sensitive in detecting 
blood haemoglobin in the faecal lower digestive tract (70–88%) and specificity (90–96%) in CRC screening10 and has 
become the preferred method.11,12 Furthermore, the stool deoxyribonucleic acid (sDNA) test for DNA isolation of faecal 
colonic epithelial tumour cells detached from the intestinal lumen identifies mutant forms of Kirsten rat sarcoma and 
aberrant methylation of certain genes.13
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In 2016, sDNA testing was first recognised as a screening strategy by the US Preventive Services Task Force.14 

A new sDNA test targeting methylated syndecan-2 (SDC2), known as fibroglycan, encodes a transmembrane (type I) 
heparan sulphate proteoglycan.15 Research has confirmed that FIT improves the uptake and that sDNA testing of 
methylated SDC2 has an excellent diagnostic consistency with colonoscopy.13 Prior to testing, both procedures involve 
a period of abstinence from food and medications, as well as certain environmental restrictions.11,16 Therefore, the 
advantages of simplicity, high stability and non-invasive surgery offered by methods such as FIT and sDNA testing make 
these options effective for CRC screening.9,17

However, the reported results vary among the studies. According to the present study, the CRC sensitivity of sDNA 
testing is 92%, superior to that of FIT, which produced a value of 74%.18 Meanwhile, Sharma demonstrated that FIT is 
better than sDNA testing in reducing CRC incidence and mortality,19 while Jin et al concluded that two sDNA tests 
represent no significant advantage over FIT.20

Furthermore, there exist geographical discrepancies in economic resources, healthcare structure and infrastructure in 
nations such as China, and a large number of false-positive screening results have led to increased demand for 
colonoscopies.3 Thus, choosing the feasibility and reliability of a specific CRC screening method remains a significant 
challenge. The diagnostic performances of APCS scoring, FIT and sDNA testing in various combinations have not 
previously been compared in an individual study of CRC screening. As such, this study aimed to compare the screening 
effectiveness of single and combined APCS scoring, FIT and sDNA testing schemes as confirmed using colonoscopy and 
pathology.

Materials and Methods
Study Design and Participants
From 2021 to 2022, the Affiliated Hospital of Jiangnan University, Wuxi, recruited local permanent residents to 
participate in CRC screening. In accordance with the programme design, the inclusion criteria for the participants 
were as follows: ① asymptomatic (without notable symptoms or signs of CRC, such as blood in the stool, black stool, 
unexplained anaemia or weight loss, abdominal mass or positive digital rectal examination); ② aged 45 to 75 years; and 
③ individuals willing to voluntarily participate. The exclusion criteria for participation were as follows: ① contra
indication of intestinal preparation or colonoscopy; ② resected adenomas or serrated polyps (but no proliferative, 
inflammatory or polypoid tumours, etc.); ③ patients who have undergone a colonoscopy within the last five years; ④ 

patients with an inflammatory bowel disease; ⑤ patients strongly suspected of having CRC, known to have a history of 
rectal CRC or who had undergone imaging and laboratory tests; ⑥ patients with hereditary CRC syndrome (including 
polyps); ⑦ patients with organ dysfunction, such as pregnant or severe cardiopulmonary kidney; ⑧ patients with 
abnormal coagulability or who had taken antiplatelets or anticoagulants within the last seven days; and ⑨ individuals 
unwilling to participate.

All FIT and sDNA test sampling devices were provided free of charge by the project group. The participants used 
their mobile phones to fill in the application form on site and were given FIT and sDNA test sampling devices 
simultaneously. Faecal samples from the 734 participants were successfully obtained and sent to the laboratory for 
unified testing. Those with high-risk or positive results in the APCS scoring, FIT or sDNA testing were categorised as 
high-risk for CRC and were asked to proceed with a colonoscopy. All colonoscopies were carried out in a designated 
endoscopy centre by trained clinical research coordinators who inputted the relevant information into the system and 
submitted the related inspection.

In this study, a total of 100 participants underwent CRC screening and a subsequent colonoscopy. To improve 
compliance among the high-risk population for the primary screening and to encourage follow-up compliance, these 
participants were contacted by phone and were sent a brief text message, while a green channel was provided, an expert 
outpatient service was arranged and a colonoscopy was completed within one week of receiving the test results. 
According to the protocol for the blind study method, the laboratory investigator was not informed of the participants’ 
APCS scores, and the colonoscopy doctors were unaware of their primary screening results. The participants voluntarily 
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offered their consent. The study followed the Declaration of Helsinki and was approved by the Ethics Committee of the 
Affiliated Hospital of Jiangnan University (Ethics approval number: LS2021013).

Screening Methods
Asia-Pacific Colorectal Screening
The questionnaire for the APCS score was integrated into the mobile application, and the study coordinators instructed 
the participants on how to complete the form on site.8 The questionnaire included information on age, gender, family 
history of CRC and smoking history.8 The weighting of the risk scoring system was as follows: age (<50 years: 0; 50–69 
years: 2; ≥70 years: 3), gender (female: 0; male: 1), family history of CRC (absent: 0; first-degree relative: 2) and 
smoking history (never: 0; current or past: 1) (Supplemental Information Table S1). According to the total score, three 
tiers of risk were defined: 0–1 = “average risk”; 2–3 = “moderate risk” and 4–7 = “high risk”.8 As noted, those returning 
a high-risk score were recommended to undergo a colonoscopy.8

Faecal Immunochemical Testing
In brief, FIT technology uses antibodies to detect the globin portion of human haemoglobin concentrations and has high 
sensitivity and specificity in CRC screening.11,21 According to the thresholds provided by the manufacturer (Shenzhen 
Wodehealth Biotech Co., Ltd.), a result of >100 ng/mL is defined as positive, and as negative in all other cases.

Stool Deoxyribonucleic Acid Testing
The sDNA test kit used in this study was based on the methylated human SDC2 gene assay provided by Creative 
Biosciences Co., Ltd. (Guangzhou, China). In strict accordance with the product’s instructions, stool samples (approxi
mately 4.5 g) were collected by filling the cavity at the front of a sampling syringe before this was deposited into 
a storage tube prefilled with 16 mL of preservative buffer. The optimum liquid level was 20 mL and could not exceed 
25 mL. There were no dietary restrictions imposed prior to sampling, and no samples were collected if the participant had 
watery diarrhoea. Notably, the cycling threshold (CT) value ≤38 was positive, while the 38 < CT value ≤39 was negative, 
indicating gene mutation associated with mild intestinal cancer, and a further colonoscopy was thus recommended. 
However, if the CT value was >39, or there was no negative CT value, there was no mutation gene.

Sample Collection
The staff distributed sampling devices among the community along with an instructional video on how the participants 
should take faeces samples, which they were required to send to the staff within 24 h. After receiving the samples, the 
collection staff checked the quality on site to ensure that the samples met the strict requirements (eg no leakage and 
sufficient capacity) before finally registering the information. If the requirements were not met, the staff contacted the 
relevant participant to obtain a new sample; however, this was only permitted once. Following this, under normal room 
temperature, the approved FIT and sDNA test samples were sent to the Creative Biosciences Co., Ltd. (Guangzhou, 
China) laboratory on the same day. Subsequently, unified testing reports were issued by the professional experimenter 
within three days.

Colonoscopy and Histopathologic Examination
After issuing the primary screening results, the staff notified the participants, who were clearly informed of the benefits 
and risks of colonoscopy before reserving a place for surgery. All colonoscopies were operated by senior endoscopists 
(operation experience ≥5 years; >3000 cases) to ensure the quality of the procedure (withdrawal time ≥6 minutes; Boston 
Bowel Preparation Scale ≥6 and each segment ≥2). The camera was successfully inserted into the caecum of all 
participants. The sarcoma tissue sections were then examined by experienced pathologists. The bowel procedure carried 
out prior to the colonoscopy followed the guidelines provided by the Digestive Endoscopy Special Committee of 
Endoscopic Physicians Branch of Chinese Medical Association (2019).22 This high-quality preparation of the intestine 
was commenced three days before the inspection and was not permitted on the inspection day itself. In addition, 
intestinal drugs were used, which consisted of three boxes of compound polyethylene glycol electrolyte powder (I) 
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(H20020031) manufactured by the Jiangxi Hengkang Pharmaceutical Co., Ltd. and one box of dimethyl silicone oil 
powder (H51023869) manufactured by Zigong Honghe pharmaceutical Co., Ltd.

Outcomes Confirmation
The main indexes adopted in this study were used to calculate the sensitivity and specificity within 95% confidence 
intervals (CIs). The sensitivity was denoted by the proportion of positive test results in each lesion group, while the 
specificity was the proportion of negative test results in the negative results group. Furthermore, the kappa value was 
used to evaluate the diagnostic consistency between each primary screening protocol and the colonoscopy pathology 
results. When the kappa value was <0, this indicated that there was no consistency, while when the value was >0, this 
indicated that the consistency was meaningful, with increased values representing increased consistency. Combined with 
the colonoscopy and pathological results, the most severe pathology results served as the final classification criteria.

In this study, the classification of the colonoscopy pathological findings were as follows: positive results included 
CRC, advanced adenoma (AA) and nonadvanced adenoma (NAA); negative results included chronic colitis, inflamma
tory polyps, proliferative polyps and no abnormalities. Specifically, AA was diagnosed when the adenomas (including 
sessile serrated lesions) exhibited diameters of >10 mm, when the adenomas had villous structures, or when high-grade 
intraepithelial neoplasia (HGIN) was present.13 Advanced colorectal neoplasia (ACN) included CRC and AA.23

Statistical Analysis
Due to the small sample size of this study, a nonparametric test was adopted. The characteristics of the study population 
were compared using the Pearson Chi-square test and the Mann–Whitney U-Test. The sensitivity and specificity were 
calculated using Cochran’s Q test and the exact Cochran’s Q test for CRC. Pairwise comparisons were generated using 
the Dunn–Bonferroni test, with the rate calculated using the 95% CI of the Clopper–Pearson test. The area under the 
curve (AUC) of the receiver operating characteristic (ROC) curves with 95% CIs were used to evaluate the diagnostic 
performance of the test. And the ROC as the negative results group as the control group. The data analysis was 
performed using SPSS statistical software (vers. 25.0, SPSS Inc., Chicago, Illinois, USA). All tests were two-sided, 
and a p-value of <0.05 or adjusted values were considered to be statistically significant.

Results
Study Population
A total of 824 participants were recruited from local communities between April 2021 and April 2022. Of these, 734 
completed the primary screening, 115 (55.0%) from the CRC high-risk population of 209 (28.5%) completed the 
colonoscopy, and 100 participants in total from the same high-risk group underwent both the screening and 
a colonoscopy and were included in the final study analysis (Figure 1). According to the statistics, of the 100 participants, 
63 were male (63.0%) and 37 were female (37.0%), with a median age ranging from 53 to 67 years. There was no 
significant difference in the basic data of the positive and negative results groups (p > 0.05), which were thus comparable 
(Table 1). The observations of the study population were clearly diagnosed via colonoscopy and pathology, with two 
(2%) cases of CRC, 24 (24%) cases of AA, 45 (45%) cases of NAA and 29 (29%) cases in the negative results group.

Analysis of the Single and Combined Screening Schemes
Of the population included in this study, at least one screening scheme resulted in each participant testing as either high 
risk or positive. Therefore, the sensitivity from the combined APCS score + FIT + sDNA test scheme for each lesion was 
100% (Table 2). Independently, the FIT and sDNA test schemes each detected CRC with a 100% accuracy (Supplemental 
Information Figure S1), and the three methods were all positive for HGIN (Supplemental Information Figure S2). In 
terms of AA, the combined APCS score + FIT + sDNA test scheme demonstrated a significantly higher sensitivity than 
the FIT and sDNA test schemes (adjusted p < 0.001 and p = 0.002, respectively) (Figure 2, Supplemental Information 
Figure S3), while the combined APCS score + sDNA test scheme demonstrated a sensitivity of 95.8% (95% CI: 78.9– 
99.9) (Supplemental Information Figure S4). Furthermore, the combined FIT + sDNA test scheme exhibited a kappa 
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value for ACN of 0.344 (95% CI: 0.095–0.593) (Table 3). In terms of NAA, the specificity of the combined APCS score 
+ FIT + sDNA test scheme was compared to the combined APCS score, FIT, sDNA, and FIT + sDNA test scheme, and 
a significant difference was recorded (adjusted p = 0.009, p < 0.001, p < 0.001 and p < 0.001). The sensitivity of the 
combined APCS score + sDNA test scheme was significantly higher than that of the combined FIT + sDNA test scheme 
(91.1% vs 53.3%, adjusted p = 0.009). Furthermore, there was no statistically significant difference in the kappa value for 
NAA and low-grade intraepithelial neoplasia (LGIN) (0.208 vs 0.189) in the combined FIT + sDNA test scheme.

In terms of the results where all the lesions were positive, the sensitivity of the combined APCS score + FIT + sDNA 
test scheme was significantly higher than that of the APCS score, FIT, sDNA test and combined FIT + sDNA test scheme 
(adjusted p < 0.001). Moreover, the sensitivity of the APCS score was 63.4% (95% CI: 51.1–74.5), and the sensitivity for 
the combined APCS score + sDNA test scheme was 93.0% (95% CI: 84.3–97.7), which was significantly higher than that 
of the FIT + sDNA test scheme at 57.7% (95% CI: 45.4–69.4, adjusted p < 0.001). In addition, the kappa value for the 

Figure 1 Flowchart of the participants. 
Abbreviations: FIT, fecal immunochemical test; sDNA, stool DNA.

Table 1 Characteristics of the Study Population at Baseline Stratified by the Lesion Groups

Characteristic Total  
N=100

Positive Results  
n=71

Negative Results  
n=29

P value

Sex, n (%)

Male 63 (63.0) 47 (66.2) 16 (55.2) 0.300

Female 37 (37.0) 24 (33.8) 13 (44.8)
Age, median (P25, P75), years 58.0 (53.25, 66.0) 59 (54,67) 56 (53,59) 0.077

Cigarette smoking, n (%)

Non-smoker 51 (51.0) 37 (52.1) 14 (48.3) 0.728
Current smoker or former smoker 49 (49.0) 34 (47.9) 15 (51.7)

Regular alcohol drinking, n (%)

No 71 (71.0) 49 (69.0) 22 (75.9) 0.493
Yes 29 (29.0) 22 (31.0) 7 (24.1)

Family history of colorectal cancer among 

the first-degree relatives, n (%)
No 69 (69.0) 51 (71.8) 18 (62.1) 0.338

Yes 31 (31.0) 20 (28.2) 11 (37.9)
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Table 2 The Sensitivity and Specificity of the Single and Combined Complementary Primary Screening Schemes

Colonoscopy APCS FIT sDNA Test APCS+FIT APCS+sDNA Test FIT+sDNA test APCS+FIT+sDNA Test P value

CRC

Positive 2 0 2 2 2 2 2 2

Sensitivity (95% CI) 0 100.0 (15.8–100.0) 100.0 (15.8–100.0) 100.0 (15.8–100.0) 100.0 (15.8–100.0) 100.0 (15.8–100.0) 100.0 (15.8–100.0) 0.143

AA

Positive 24 17 10 12 21 23 15 24

Sensitivity (95% CI) 70.8 (48.9–87.4) 41.7 (22.1–63.4) 50.0 (29.1–70.9) 87.5 (67.6–97.3) 95.8 (78.9–99.9) 62.5 (40.6–81.2) 100.0 (85.5–100.0) <0.001

HGIN

Positive 1 1 1 1 1 1 1 1

Sensitivity (95% CI) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.0) –

ACN

Positive 26 17 10 12 23 25 17 26

Sensitivity (95% CI) 65.4 (44.3–82.8) 46.2 (26.6–66.6) 53.8 (33.4–73.4) 88.5 (69.8–97.6) 96.2 (80.4–99.9) 65.4 (44.3–82.8) 100.0 (86.8–100.0) <0.001

NAA

Positive 45 28 6 19 32 41 24 45

Sensitivity (95% CI) 62.2 (46.5–76.2) 13.3 (5.1–26.8) 42.2 (27.7–57.8) 71.1 (55.7–83.6) 91.1 (78.8–97.5) 53.3 (37.9–68.3) 100.0 (92.1–100.0) <0.001

LGIN

Positive 43 28 6 17 32 39 22 43

Sensitivity (95% CI) 65.1 (49.1–79.0) 14.0 (5.3–27.9) 39.5 (25.0–55.6) 74.4 (58.8–86.5) 90.7 (77.9–97.4) 51.2 (35.5–66.7) 100.0 (91.8–100.0) <0.001

Positive results

Positive 71 45 18 33 55 66 41 71

Sensitivity (95% CI) 63.4 (51.1–74.5) 25.4 (15.8–37.1) 46.5 (34.5–58.7) 77.5 (66.0–86.5) 93.0 (84.3–97.7) 57.7 (45.4–69.4) 100.0 (94.9–100.0) <0.001

Negative results

Negative 29 7 26 23 4 3 20 –

Specificity (95% CI) 24.1 (10.3–43.5) 89.7 (72.6–97.8) 79.3 (60.3–92.0) 13.8 (3.9–31.7) 10.3 (2.2–27.4) 69.0 (49.2–84.7) – <0.001

Note: -, Constant, and no statistics were calculated. 
Abbreviations: 95% CI, 95% confidence intervals; AA, advanced adenoma; ACN, advanced colorectal neoplasia; APCS, Asia-Pacific Colorectal Screening; CRC, colorectal cancer; FIT, fecal immunochemical test; HGIN, high-grade 
intraepithelial neoplasia; LGIN, low-grade intraepithelial neoplasia; NAA, nonadvanced adenoma; sDNA, stool DNA.
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Figure 2 The sensitivity and specificity of the pairwise comparisons. (A) The sensitivity of the pairwise comparisons for AA; (B) The sensitivity of the pairwise comparisons 
for ACN; (C) The sensitivity of the pairwise comparisons for NAA; (D) The sensitivity of the pairwise comparisons for LGIN; (E) The sensitivity of the pairwise 
comparisons for Positive results; (F) The specificity of the pairwise comparisons. a1, b1, c1, d1, e1, f1, APCS; a2, b2, c2, d2, e2, f2, FIT; a3, b3, c3, d3, e3, f3, sDNA test; a4, 
b4, c4, d4, e4, f4, APCS + FIT; a5, b5, c5, d5, e5, f5, APCS + sDNA test; a6, b6, c6, d6, e6, f6, FIT + sDNA test; a7, b7, c7, d7, e7, f7, APCS + FIT + sDNA test. 
Abbreviations: AA, advanced adenoma; ACN, advanced colorectal neoplasia; APCS, Asia-Pacific Colorectal Screening; FIT, fecal immunochemical test; LGIN, low-grade 
intraepithelial neoplasia; NAA, nonadvanced adenoma; sDNA, stool DNA.
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Table 3 The Kappa Value of the Single and Combined Complementary Primary Screening Schemes

Colonoscopy APCS FIT sDNA Test APCS+FIT APCS+sDNA Test FIT+sDNA Test APCS+FIT+sDNA Test

Positive results 71

Kappa (95% CI) −0.120 (−0.304–0.064) 0.099 (−0.005–0.203) 0.194 (0.045–0.343) −0.096 (−0.270–0.078) 0.042 (−0.117–0.201) 0.220 (0.046–0.394) –

P value 0.228 0.095 0.016 0.321 0.581 0.015 –

ACN 26

Kappa (95% CI) −0.102 (−0.337–0.133) 0.289 (0.066–0.512) 0.259 (0.014–0.504) 0.022 (−0.147–0.191) 0.062 (−0.065–0.189) 0.344 (0.095–0.593) –

P value 0.393 0.014 0.044 0.802 0.354 0.011 –

AA 24

Kappa (95% CI) −0.048 (−0.275–0.179) 0.326 (0.091–0.561) 0.300 (0.047–0.553) 0.012 (−0.157–0.181) 0.057 (−0.070–0.184) 0.315 (0.058–0.572) –

P value 0.679 0.008 0.89 0.397 0.022 –

NAA 45 0.025

Kappa (95% CI) −0.141 (−0.357–0.075) 0.024 (−0.098–0.146) 0.192 (0.004–0.380) −0.163 (−0.359–0.033) 0.017 (−0.144–0.178) 0.208 (−0.002–0.418) –

P value 0.221 0.701 0.056 0.132 0.835 0.06 –

LGIN 43

Kappa (95% CI) −0.112 (−0.332–0.108) 0.030 (−0.097–0.157) 0.169 (−0.021–0.359) −0.128 (−0.324–0.068) 0.012 (−0.149–0.173) 0.189 (−0.025–0.403) –

P value 0.332 0.65 0.093 0.227 0.884 0.091 –

Note: -, Constant, and no statistics were calculated. 
Abbreviations: 95% CI, 95% confidence intervals; AA, advanced adenoma; ACN, advanced colorectal neoplasia; APCS, Asia-Pacific Colorectal Screening; FIT, fecal immunochemical test; LGIN, low-grade intraepithelial neoplasia; NAA, 
nonadvanced adenoma; sDNA, stool DNA.
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combined FIT + sDNA test scheme was 0.220 (95% CI: 0.046–0.394, p = 0.015) (Table 3). Following the protocol for 
primary screening of high-risk people, there were no negative results in the combined APCS score + FIT + sDNA test 
scheme, excluding comparisons. The specificity of FIT (89.7%, 95% CI: 72.6–97.8) was significantly higher than that of 
the APCS score, the APCS score + FIT and the APCS score + sDNA testing (adjusted p < 0.001). The specificity of the 
combined FIT + sDNA testing scheme was 69.0% (95% CI: 49.2–84.7) in the combined protocols, which was 
significantly higher than the APCS score, APCS score + FIT, and APCS score + sDNA test (adjusted p = 0.023, p < 
0.001, p < 0.001, respectively), with the difference statistically significant.

Double Positive Value
When the results of all the combined schemes were positive, the sensitivity of the combined FIT + sDNA test 
scheme was 29.2% (95% CI: 12.6–51.1) for AA (Table 4). The sensitivity of the combined APCS score + sDNA 
test scheme for NAA was 13.3% (95% CI: 5.1–26.8), which was significantly higher than that of both the FIT + 
sDNA test and the combined APCS score + FIT + sDNA test schemes (adjusted p = 0.023) (Figure 3). For all 
positive lesion results, the sensitivity of the combined APCS score + sDNA test scheme was 16.9% (95% CI: 
9.0–27.7).

Receiver Operating Characteristic Validation
To further analyse the diagnostic value of each primary screening programme for all positive lesion results, the negative 
(ie non-lesion) results were used as the control group (Figure 4). In terms of ACN, the AUC of the FIT was 0.679 (95% 
CI: 0.534–0.824), and the AUC of the combined FIT + sDNA test scheme was 0.672 (95% CI: 0.527–0.817) 
(Supplemental Information Table S2). In terms of NAA, the AUC of the combined FIT + sDNA test scheme was 
0.611 (95% CI: 0.480–0.743), with no significant difference (Supplemental Information Table S3). For all positive lesion 
results, the AUC of the combined FIT + sDNA test scheme was 0.634 (95% CI: 0.514–0.753, p = 0.037) (Supplemental 
Information Table S4).

Table 4 The Double Positive Detection of the Combined Primary Screening Schemes

Colonoscopy APCS+FIT APCS+sDNA Test FIT+sDNA Test APCS+FIT+sDNA Test P value

CRC

Positive 2 0 0 2 0

Sensitivity (95% CI) 0.0 (-) 0.0 (-) 100.0 (15.8–100.0) 0.0 (-) 0.250

AA

Positive 24 6 6 7 4

Sensitivity (95% CI) 25.0 (9.8–46.7) 25.0 (9.8–46.7) 29.2 (12.6–51.1) 16.7 (4.7–37.4) 0.438

HGIN

Positive 1 1 1 1 1

Sensitivity (95% CI) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.0) 100.0 (2.5–100.00) -

ACN

Positive 26 6 6 9 4

Sensitivity (95% CI) 23.1 (9.0–43.6) 23.1 (9.0–43.6) 34.6 (17.2–55.7) 15.4 (4.4–34.9) 0.129

NAA

Positive 45 2 6 1 1

Sensitivity (95% CI) 4.4 (0.5–15.1) 13.3 (5.1–26.8) 2.2 (0.1–11.8) 2.2 (0.1–11.8) 0.010

LGIN

Positive 43 2 6 1 1

Sensitivity (95% CI) 4.7 (0.6–15.8) 14.0 (5.3–27.9) 2.3 (0.1–12.3) 2.3 (0.1–12.3) 0.010

Positive results

Positive 71 8 12 10 5

Sensitivity (95% CI) 11.3 (5.0–21.0) 16.9 (9.0–27.7) 14.1 (7.0–24.4) 7.0 (2.3–15.7) 0.068

Notes: -, Constant, and no statistics were calculated. 
Abbreviations: 95% CI, 95% confidence intervals; AA, advanced adenoma; ACN, advanced colorectal neoplasia; APCS, Asia-Pacific Colorectal Screening; 
CRC, colorectal cancer; FIT, fecal immunochemical test; HGIN, high-grade intraepithelial neoplasia; LGIN, low-grade intraepithelial neoplasia; NAA, 
nonadvanced adenoma; sDNA, stool DNA.
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Discussion
This study found that 43% of the participants had LGIN in the high-risk population and that both the APCS score + FIT 
and the APCS score + sDNA test schemes were effective in improving sensitivity. In addition, the combined FIT + sDNA 
test scheme demonstrated superior diagnostic efficacy, and the combined APCS score + FIT + sDNA test scheme further 
improved the sensitivity to lesions and the screening efficiency.

In previous multicentre clinical trial screening research, the sensitivity of sDNA testing for CRC ranged from 71.56% 
to 90.0%, while the specificity ranged from 88.2% to 100%, indicating a good diagnostic effect.13,15,24–26 However, 
SDC2 had an overall sensitivity of 100% and a specificity of 79.3% for CRC in this study, which may be related to the 
small CRC sample size. With regard to AA and ACN, the consistency of the colonoscopy findings of the present study 
was poor in comparison to a previous study.13 The present study also revealed that sDNA has better sensitivity than FIT 
for detecting LGIN, AA, and ACN, with an overall sensitivity of FIT for AA of 41.7%, corresponding to the previously 
reported range of 27.0%–67.0%, while the FIT specificity was higher than that of the sDNA method,27 which was 
consistent with the results of a previous study.20 While the FIT and sDNA test results presented some fluctuation,17 it can 
be stated that the risk of malignant transformation could be reduced by early lesion detection, and further colonoscopy is 
required to detect high-risk groups.28

On combining the low specificity of the sDNA test and the high sensitivity of FIT in this study, the attendant analysis 
revealed that when compared to the combined scheme, where both were positive, the scenario where either one was 
positive improved the overall sensitivity and made up for the missed diagnosis of double positives, thus demonstrating 
complementary advantages. A previous study29 reported that the combination of FIT and sDNA tests had a sensitivity of 
81.5% for CRC and was diagnostically superior to single FIT and sDNA tests. Similarly, in terms of AA, the same 
combination had a sensitivity level of 27.8%, which was superior to that of FIT (11.1%), while the specificity was 94.4%, 
higher than both sDNA tests (88.9–66.7%).

Another important indicator of evaluation is specificity, which denotes the ability of a non-invasive screening 
technique to confirm a negative result and thus reduce the need for a follow-up colonoscopy. In the protocol adopted 
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Figure 3 The double positive sensitivity of the pairwise comparisons. (A) The double positive sensitivity of the pairwise comparisons for ACN; a1, APCS + FIT; a2, APCS + 
sDNA test; a3, FIT + sDNA test; a4, APCS + FIT + sDNA test; (B) the double positive sensitivity of the pairwise comparisons for LGIN; b1, APCS + FIT; b2, APCS + sDNA 
test; b3, FIT + sDNA test; b4, APCS + FIT + sDNA test. 
Abbreviations: ACN, advanced colorectal neoplasia; APCS, Asia-Pacific Colorectal Screening; FIT, fecal immunochemical test; LGIN, low-grade intraepithelial neoplasia; 
sDNA, stool DNA.
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Figure 4 ROC curves comparing different detection schemes for ACN, NAA and positive results. (A) For ACN; (B) For NAA; (C) For positive results. For ACN, FIT AUC 
was 0.679 (95% CI: 0.534–0.824, P = 0.023), FIT + sDNA test combined scheme AUC was 0.672 (95% CI: 0.527–0.817, P = 0.029). For NAA, AUC (0.611, 95% CI: 0.480– 
0.743) of FIT + sDNA test combined scheme, with no significant difference. For all lesions positive results, the AUC of FIT + sDNA test combined scheme was 0.634 (95% 
CI: 0.514–0.753, P = 0.037). 
Abbreviations: ACN, advanced colorectal neoplasia; AUC, area under area under the receiver operating characteristic curve; NAA, nonadvanced adenoma; ROC, receiver 
operating characteristic; SE, standard error.
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in this study, the FIT exhibited the highest specificity. Moreover, the specificity of the FIT + sDNA test combination was 
significantly better than the other pairwise combination schemes (adjusted p = 0.001), but was slightly lower than that of 
the single FIT and sDNA test schemes, while the difference was not significant. Consequently, when the results were 
negative in the single FIT and sDNA test schemes and the combined FIT + sDNA test scheme, the credibility levels were 
all higher.

With regard to the consistency for detecting lesions in this study, that of the combined FIT + sDNA test scheme was 
higher than that of the other pairwise combined schemes. In terms of ACN, specifically, the kappa value demonstrated the 
highest consistency with the diagnostic results of the colonoscopy. Surprisingly, the combined FIT + sDNA test scheme 
for ACN revealed the best double positive value (34.6%). Therefore, when the results of both the FIT and sDNA test 
were positive, the detection of abnormal lesions was stronger, and the decision to follow up with a colonoscopy was more 
compelling. In addition, in terms of ACN, the AUC of the combined FIT + sDNA test scheme (0.672) was similar to that 
of the FIT (0.679). For all positive lesion results and NAA detection, the combined FIT + sDNA test scheme 
demonstrated the best diagnostic efficiency, indicating that it performed excellently in distinguishing between the 
presence or absence of adenomas polyps.

Apart from in terms of CRC and HGIN, the sensitivity of the APCS score + sDNA test scheme was higher than the 
other schemes regarding lesion detection. Taking advantage of the highest sensitivity level for the APCS score in the 
single scheme fully complemented the false-negative results of the single FIT and sDNA test schemes, compensating for 
the insensitivity of these methods.30 Nevertheless, among the combined schemes, the APCS score + sDNA test 
performed significantly better than the FIT + sDNA test for NAA (adjusted p = 0.009), but there was no significant 
difference between the APCS score + sDNA test and the APCS score + FIT for ACN and NAA (adjusted p > 0.999,). 
The specificity of the APCS score + FIT and APCS score + sDNA test schemes was significantly lower than that of the 
FIT + sDNA test scheme, and the kappa value further revealed low or even no consistency with colonoscopy. Again, the 
advantage of the combined FIT + sDNA test scheme in terms of its diagnostic confidence was apparent.

Notably, unlike previous research, in this study, the APCS model score was modified with the addition of body mass 
index and diabetes as risk factors. The sensitivity of the modified APCS score combined with FIT for screening the ACN 
high-risk population (76.7%) was higher than for each scheme alone (36.7% and 70.0%, respectively).23,31 However, the 
modified risk factors were not accounted for in our questionnaire. Furthermore, there was, at the time, no capability for 
detecting CRC using APCS scoring in our study. In fact, two women were evaluated as being at moderate risk, and the 
FIT and sDNA test schemes revealed them to be positive. Therefore, it was speculated that the questionnaire was affected 
by objective factors and carried the potential risk of also detecting false negatives; in other words, the need for further 
examination could not be ruled out in cases where the questionnaire identified participants as being at average or 
moderate risk. Likewise, there may have been a greater risk of false positives in the positive APCS results, leading to an 
increased number of missed diagnoses and misdiagnoses. In addition, it must be noted that our CRC sample size was 
limited and more data should be collected for further validation.

Moreover, compliance is the key to determining the effectiveness of screening, and the compliance rate of colono
scopy in the high-risk population is an important quality control index in CRC screening. In this regard, it was 
demonstrated that the addition of APCS scoring to the combined FIT + sDNA test scheme produced primary screening 
results that were highly reliable and credible. Generally, not only could this scheme help to accurately identify high-risk 
members of the population for follow-up colonoscopy but could also reduce the number of missed diagnoses and 
misdiagnoses, as well as further improve the accuracy of the primary screening results. Similarly, the scheme could 
reduce the burden of follow-up colonoscopy in low-risk populations and could prove more effective and targeted for 
high-risk populations, thus increasing colonoscopy compliance. In addition, in districts where colonoscopy medical 
resources are limited, the combined APCS score + FIT + sDNA test scheme could effectively reduce waste and achieve 
a higher level of screening efficiency, as well as improve the adenoma detection rate and the quality of the screening 
results.

A cost–benefit study comparing FIT, multitarget sDNA (mtsDNA) testing and colonoscopy found that mtsDNA test 
prices were higher than those for FIT and that both FIT and colonoscopy were more cost-effective than mtsDNA 
testing.32 The market price for the sDNA test of methylated SDC2 used in the present study is also higher than that of 
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FIT. As such, depending on the local conditions, the combined APCS + FIT + sDNA test scheme has potential feasibility 
in regions and countries with a high level of economic development. For regions and countries with a low level of 
economic development, the primary screening programme consisting of APCS scoring combined with either FIT or 
sDNA testing may be more convenient and more appropriate. To achieve good results with primary CRC screening and 
early treatment, this programme has certain feasibility. On the one hand, it reduces the cost of primary screening, making 
it more cost effective, while on the other, it raises the general awareness of screening and provides a warning to the 
asymptomatic population, thus prompting the high-risk population to undergo further examination.

This study involves a number of limitations. First, the cost-effectiveness of the various programmes for health eco
nomics were not compared, meaning further analysis is needed to identify cost-effective screening schemes. Second, 
the study was confined to an analysis of a single centre and a small sample of screening data, with a kappa value of 
<0.4, the consistency of which was not ideal; thus, the possibility of bias cannot be excluded. Third, the CRC sample 
size was small, and the FIT and sDNA test sensitivities were higher than in previous studies. In addition, it is necessary 
to rigorously analyse the performance of multiple centres and a large number of asymptomatic subjects in future 
research.

Conclusion
This study demonstrated that the FIT + sDNA detection protocol could improve the diagnostic efficiency of CRC primary 
screening for adenomas, with the combined APCS score + FIT + sDNA detection protocol exhibiting a significant 
improvement in CRC screening efficiency and sensitivity for detecting positive lesions. It is believed that the findings of 
this study provide valuable reference information for colorectal cancer screening.
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