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Abstract 

Background  Colorectal cancer is one of the most common cancers worldwide. DNA methylation sites may serve 
as a new gene signature for colorectal cancer diagnosis. The search for representative DNA methylation sites 
is urgently needed. This study aimed to systematically identify a methylation gene panel for colorectal cancer diagno-
sis via tissue and fecal samples.

Methods  A total of 181 fecal and 50 tumor tissue samples were collected. They were obtained from 83 colorec-
tal cancer patients and 98 healthy subjects. These samples were evaluated for DNA methylation of 9 target genes 
via quantitative bisulfite next-generation sequencing. We employed the rank-sum test to screen the colorectal cancer-
specific methylation sites in the tissue and fecal cohorts. A data model was subsequently constructed and validated 
via the dedicated validation dataset.

Results  Compared with the fecal and negative control samples, the colorectal cancer tissue samples presented 
significantly higher methylation rates for all the selected gene sites. The methylation rates of the tissue and pre-
operative fecal samples showed the same high and low rates at the same sites. After screening, a panel of 29 loci 
in the SDC2, SEPT9, and VIM genes proved to be reliable biomarkers for colorectal cancer diagnosis in fecal sam-
ples. Logistic regression models were then constructed and validated using this panel. The sensitivity of the model 
was 91.43% (95% CI = [89.69, 93.17]), the specificity was 100% (95% CI = [100,100]), and the AUC value is 99.31% (95% 
CI = [99,99.62]). The diagnostic accuracy of the model for stage I and stage II colorectal cancer was 100% (11/11) 
and 91.3% (21/23), respectively. Overall, this study confirms that the gene locus panel and the model can be used 
to diagnose colorectal cancer effectively through feces.

Conclusions  Our study identified a set of key methylation sites for colorectal cancer diagnosis from fecal samples, 
highlighting the importance of using tissue and fecal samples to accurately assess DNA methylation levels to screen 
for methylation sites, and developing an effective diagnostic model for colorectal cancer.
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Background
The global incidence of colorectal cancer (CRC) contin-
ues to increase, with concurrent increases in mortality 
and morbidity rates [1]. The main reason for the poor 
prognosis is that the early symptoms of CRC are not 
obvious and are easily ignored. This may cause the patient 
to miss the optimal timing for treatment [2]. The com-
bination of targeted early stage detection measures and 
corresponding therapeutic interventions can significantly 
contribute to reducing mortality [3, 4]. The genesis and 
advancement of CRC are fundamentally underpinned by 
a spectrum of genetic and epigenetic alterations within 
colonic epithelial cells [5]. Decreased expression or 
silencing of repressor genes caused by DNA promoter 
methylation appears to be a common event in CRC car-
cinogenesis [6]. Second, DNA methylation mutations can 
be reliably detected in the feces of CRC patients because 
of their strong chemical and biological stability and have 
been used to diagnose CRC [7]. Although the immuno-
chemical fecal occult blood test (IFOBT) is a method 
commonly used in clinical practice, it screens CRC via 
specific immunodetection of human hemoglobin [8]. 
While the hemoglobin used in testing lacks stability, one 
needs to ensure that it comes from a tumor bleed rather 
than another disease disease [9]. IFOBT has a high false-
positive rate in CRC detection and has difficulty distin-
guishing  adenomas from carcinomas [10]. In addition, 
although colonoscopy and tissue biopsy are the gold 
standards for detecting CRC [11], colonoscopy is invasive 
and prone to bowel perforation and bleeding. Including 
minor complications, approximately 23% of patients have 
been reported to experience complications, including 
minor complications [12]. Thus, compliance with colo-
noscopy is poor [13]. The detection of DNA methylation 
in fecal samples has become a favorable choice for CRC 
diagnosis because of its convenient sampling, noninva-
siveness, high sensitivity and specificity [14].

Many studies have shown that the detection of DNA 
methylation mutations in specific genes (BMP3, NDRG4, 
SDC2, SFRP2, TFPI2 and VIM) in feces is a promising 
approach for CRC diagnosis [15–18]. However, research 

on the integration of multiple fecal methylation gene 
mutation regions to locate the optimal gene site accu-
rately in CRC diagnosis is lacking [19]. In our study, we 
combined methylation analysis and high-throughput 
sequencing technology. Nine genes were chosen from 
the Methy Cancer database (http://​methy​cancer.​psych.​
ac.​cn/). These genes have been shown to be significantly 
associated with the development and progression of 
CRC. We analyzed tissue and fecal samples from CRC 
patients with methylation variants and calculated the 
methylation rate of each site to further accurately iden-
tify DNA hypermethylation sites. Finally, we constructed 
a model to determine the robustness of the selected sites 
for CRC detection to find the best biomarkers for CRC 
diagnosis.

Method
Clinical samples
All the subjects were re-examined and confirmed by pro-
fessional pathologists for histopathological diagnosis. 
Anonymous numerical codes were employed to man-
age all the data pertaining to the study’s human subjects 
carefully.

Collection and storage of samples
The DNA samples used in this study were obtained from 
fresh-frozen tissues and feces. All of the specimens were 
collected at the Second Affiliated Hospital of Dalian 
Medical University from March 2021 to May 2022. The 
tumor tissues were derived from patients who under-
went receiving CRC resection. Feces were collected from 
patients with CRC and healthy volunteers. Approximately 
5 g of feces was collected and stored in 50 mL tubes with 
15 mL of preservative buffer (0.5 mol/L Tris, 0.15 mol/L 
EDTA, and 10  mmol/L NaCl, pH 9.0). These samples 
were immediately stored at -80 °C after collection.

We obtained feces from a subset of 83 CRC patients as 
well as their tumor tissue from some of them (Table 1). 
The feces of 98 healthy control subjects were also col-
lected. Patients were verified through histology or colo-
noscopy. Healthy controls had to fulfill the following 

Table 1  Clinicodemographic characteristics of the CRC patients enrolled in the study

pathological stage Patients number(male/
female)

Patients by age number Median age

 < 50 50–59 60–69  ≥ 70

Stage I 13(9/4) 1 6 4 2 61

Stage II 31(17/14) 6 10 9 6 58

Stage III 36(25/11) 7 10 16 3 58

Stage IV 3(3/0) 0 1 2 0 62

Total 83(54/29) 14 27 31 11 60

http://methycancer.psych.ac.cn/
http://methycancer.psych.ac.cn/
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requirements to be included in the study: (1) no nota-
ble medical history of chronic illnesses or other diseases 
such as cancer; (2) were willing to undergo a colonoscopy 
prior to fecal collection, and the results were normal.

Isolation of tissue and fecal genomic DNA
Tissue genomic DNA was extracted from fresh-frozen 
tissue specimens via a QIAamp DNA Mini Kit (QIAGEN, 
Hilden, Germany) following the manufacturer’s instruc-
tions. With the help of a shaker, the feces were homog-
enized in preservation buffer. Fecal DNA was extracted 
via a Fine Mag fecal DNA extraction Kit (GENFINE 
BIOTECH (BEIJING) Co., Ltd.). To prevent DNA dete-
rioration, repeated freezing and thawing of the feces were 
avoided. The DNA concentration was measured via a 
NanoDrop 2000 (Thermo Scientific, MA, USA). For the 
creation of sequencing libraries, DNA with a yield greater 
than 5 ng and no discernible genomic DNA contamina-
tion was used.

Bisulfite treatment and DNA purification
An EZ DNA Methylation-Gold Kit (ZYMO Research, 
CA, USA) was used for bisulfite treatment and DNA 
purification. Briefly, genomic DNA was treated with 
sodium bisulfite for 2.5 h at 65 °C after being denatured 
for 10 min at 98 °C. After DNA was added to a spin col-
umn, desulfonation buffer was added, and the mixture 
was then incubated for 20  min at room temperature. 
Then bisulfite-converted DNA was purified and eluted 
with 20 μL distilled water. The extracted DNA was either 
used immediately or stored at -20 °C. The Qubit® fluores-
cent dye method was used for quality control (QC) of the 
extracted DNA.

Selection of genes
We selected a set of nine common hypermethylated genes 
in CRC from the Methy Cancer database (http://​methy​
cancer.​psych.​ac.​cn/), namely BMP3, SFRP2, SEPT9, VIM, 
SDC2, WNT2, MGMT, CDKN2A (P16), and NDRG4, 
and the detection region of each gene is shown in Sup-
plement 1. BMP3 and SFRP2 were confirmed to be asso-
ciated with CRC in thirty-one studies on the basis of 
fecal gene methylation [20]. SEPT9 methylation has been 
shown to be a plasma biomarker for CRC [21]. VIM, 
SDC2, WNT2 and MGMT are commonly used biomark-
ers for CRC and have been validated in numerous studies 
[22, 23]. CDKN2A was hypermethylated in 38% of CRC 
cases in previous studies [24]. NDRG4 is a candidate 
oncogene for CRC and its expression is often inactivated 
by promoter methylation [25].

Prediction of CpG islands and primer design
We identified cytosine-phosphate-guanine (CpG) 
islands by using genomic sequences stored in the 
Ensembl genome browser (http://​www.​ensem​bl.​org/​
index.​html). MethPrimer (http://​www.​uroge​ne.​org/​cgi-​
bin/​methp​rimer/​methp​rimer.​cgi) was used to identify 
CpG and the optimal primers [26].

Targeted bisulfite sequencing
The library was prepared in two steps: First, multiplex 
polymerase chain reaction (PCR) amplification was car-
ried out for target enrichment. Second, a second round 
of amplification with a low number of cycles was per-
formed to allow the barcoding of the template-specific 
amplicons obtained from the first amplification step. 
Template -specific bisulfite amplicon libraries were 
generated with tagged primers via Phusion U DNA 
polymerase (Thermo Fisher, cod. F555L) (the primer 
sequence is available in Supplement 2). The amplifica-
tion products were purified via Agencourt AMPure 
XP beads (Agencourt-Beckman Coulter, cod. A63881) 
was quantified with a Quantus™ fluorometer (Promega, 
cod. E6150), and then barcoding was performed using 
the Nextera™ index kit as previously described. Finally, 
the Illumina HiSeq 2000 sequencing platform was used 
for PE150 sequencing.

Data filtering and DNA methylation level calculation
Cutadapt 3.4 was used to cut the adapter sequences 
from the raw sequence reads. The reads generated by 
bisulfite sequencing were fed into Bismark software 
along with options. We used the Bismark_genome_
preparation module with Bowtie2 2.4.4 to create pre-
converted versions of the reference, and we used the 
Bismark module’s default option to align the read 
files to the reference genome. To verify reliability, we 
gathered the genomic locations for which we could 
identify > 90% of the methylation level with a support-
ing depth > 10 among those that were extracted via 
Bismark_methylation_extractor.

Statistical analysis
To identify methylation gene loci related to the preopera-
tive feces of CRC patients, we divided preoperative fecal 
samples and negative samples into positive and negative 
classes, respectively. Every site’s methylation rate was 
calculated, and each site was subjected to a Wilcoxon 
signed-rank test. Sites with P values less than 0.05 were 
used to choose features. Additionally, we highlighted the 
absolute methylation change for each site’s distinguish-
ing power [27]. The following standards were used to find 
DNA methylation biomarkers unique to CRC:

http://methycancer.psych.ac.cn/
http://methycancer.psych.ac.cn/
http://www.ensembl.org/index.html
http://www.ensembl.org/index.html
http://www.urogene.org/cgi-bin/methprimer/methprimer.cgi
http://www.urogene.org/cgi-bin/methprimer/methprimer.cgi
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1)	 The same trend was observed for CRC tissue and 
fecal samples compared with normal controls.

2)	 The mean methylation rate in CRC feces samples was 
significantly different from that in normal samples 
(adjusted P < 0.05), and the absolute shift was sub-
stantial (> 5%)

Multidimensional scaling (MDS) in the Sklearn 0.24.2 
package was used to characterize selected gene loci in a 
Python 3.7 environment. The MDS results allowed us to 
classify the preoperative feces and negative samples, as 
well as observe the differences and similarities in meth-
ylation levels between the two sample types. Tenfold 
cross-validation was used to accurately assess our clas-
sification model’s performance accurately during train-
ing and testing. We use the logistic regression algorithm 
from the Sklearn 0.24.2 library in Python 3.7 to con-
struct the model, and the dataset is randomly divided 
into 10 subsets or folds, with an 8:2 ratio for the train-
ing and validation sets. This process was repeated 10 
times. We calculated the statistical parameters of accu-
racy, including specificity, sensitivity, Positive Predic-
tive Value (PPV) and Negative Predictive Value (NPV), 
after each model was trained and tested. Ultimately, the 
model’s performance metrics are the average of these 
metrics over ten training and validation sessions. Fur-
thermore, we generated receiver operating characteristic 
(ROC) curves and computed the area under the curve 
(AUC) value to evaluate the classification performance 
of the model. All the data are presented as the means 
and standard deviations (SDs). Model accuracy statistics 
(Table  2) and calculations of the methylation rates are 
described below.

Specificity: The proportion of true negative class samples 
that were correctly identified by the classifier.

Sensitivity: The proportion of true class samples that 
were correctly identified by the classifier.

Specificity = d/(b+ d)

Sensitivity = a/(a+ c)

Methylated rate = Methylation/(Methylation + Unmethylated)

where, "Methylation" represents the number of methyl-
ated sites and "Unmethylated" represents the number of 
unmethylated sites.

Development and validation of the CRC fecal methylation 
diagnostic model
Based on the methylation rates of tissue, preopera-
tive stool, and control samples and the principles of 
locus screening mentioned above, we ended up with 29 
CRC-specific methylation loci (Supplement 3). The fecal 
methylation dataset consisted of healthy controls and 
CRC patients was then divided into training and valida-
tion cohorts at random. For the training cohort, we con-
structed CRC diagnostic models using the methylation 
profiles of these 29 loci as covariates in logistic regres-
sion models.

Results
Patient and sample characteristics
To study colorectal cancer-specific DNA methylation 
sites, we collected 181 feces specimens (98 normal feces 
and 83 CRC feces) and 50 tissue sections. After DNA 
extraction and library construction, a total of 215 DNA 
samples passed QC and underwent DNA methylation 
second-generation sequencing (NGS). Sixteen samples 
failed extraction and construction of gene libraries’s 
QC, including 4 cases of low DNA yield and 12 cases of 
low library yield. And another 3 samples did not meet 
sequencing QC. Ultimately, 212 samples (96 normal 
feces, 67 colorectal cancer feces, and 49 CRC tissues) 
were included in the analysis to discover CRC-specific 
DNA methylation biomarkers. To explore the clinical 
application of the detection of DNA methylation sites in 
the diagnosis of CRC, we used preoperative feces from 
CRC patients and feces from healthy subjects for model 
development and validation (Fig. 1).

Characterization of methylation sites specific to CRC​
Methylation rates were calculated for all selected CpG 
sites in tissue, fecal, and control samples, and the line 
graphs are shown in Fig.  2. Our observations showed 
a consistent trend in methylation rates for most loci 
between tissue and feces. Specifically, when a site 
exhibited a higher methylation rate in tissue, the same 
trend was observed in feces. Similarly, when a locus 
exhibited a lower methylation rate in tissue, a similar 
pattern was observed in feces. In general, the aver-
age methylation rate in tissues was higher than that in 
feces at almost all selected locus, which was consist-
ent with our expectation that shed tumor cells could 
be detected in feces after defecation. After significance 
testing and calculation of absolute differences in meth-
ylation rates, 4 CpG sites in the SDC2 gene, 19 CpG 

Table 2  Confusion matrix

Standard method total

positive negative

candidate methods positive a c a + c

negative b d b + d

total a + b c + d a + b + c + d
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sites in the SEPT9 gene, and 6 CpG sites in the VIM 
gene met the screening criteria. A total of 29 methyla-
tion sites were identified for the construction of the 
CRC fecal detection model.

Development and validation of the CRC methylation 
diagnostic model
After screening for CRC-specific methylation sites in 
feces, 95 normal and 68 CRC fecal samples were ran-
domly assigned to the training and validation cohorts 

Fig. 1  The study workflow chart. In the DNA methylation sequencing phase, 96 normal fecal samples, 67 preoperative CRC fecal samples 
and 49 tissue samples were collected for next-generation sequencing (NGS) and analyzed. A rank-sum test was used to screen the CRC-specific 
methylation sites in the tissue and fecal cohorts, which led to the discovery of 103 DNA methylation sites. The results were subsequently plotted 
to screen sites, and 29 methylation sites were ultimately identified. Twenty-nine CRC-specific methylation sites were used in the training cohort, 
which were then further confirmed in the validation cohort

Fig. 2  Methylation rates of genes in tissues, fecal and controls. All genes and their methylation sites are represented on the abscissa; the ordinate 
is the methylation rate; the points on the broken lines represent the means of all samples
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respectively. CpG loci of selected genes SEPTIN9, SDC2 
and VIM were analyzed in the sample database to con-
struct diagnostic model. The analysis showed that for 
these three genes, 100% of CRC tissue samples were 
hypermethylated in at least one gene, and the probabil-
ity of hypermethylation in at least one of the genes was 
also 100% in fecal samples. Notably, in both tissue and 
fecal samples, these three genes were hypermethylated in 
patients and hypomethylated in controls (Fig. 3).

A logistic regression model for the diagnosis of CRC 
based on DNA methylation levels in fecal samples was 
developed based on these 29 methylation sites. The for-
mula for the regression model was π(x) = 1

1+e−wT x+b
 (x: 

methylation rate of gene loci; w: coefficient; b: intercept). 
The relevant parameters are shown in Supplement 4 of the 
Supplementary file 1. In the training set, the model had a 
sensitivity of 94. 28% (95% CI = [91.55,97.01]), a specificity 

of 100% (95% CI = [100,100]), an AUC value of 100% (95% 
CI = [100,100]), a PPV value of 100% (95% CI = [100,100]), 
and an NPV value of 96. 11% (95% CI = [94.29,97.93]). In 
the test set, the model had a sensitivity of 91. 43% (95% 
CI = [89.69, 93.17]), a specificity of 100% (95% 
CI = [100,100]), a PPV value of 100% (95% CI = [100,100]), 
and an NPV value of 94.02% (95% CI = [79.50,100]). We 
also analyzed the diagnostic accuracy of the model for 
stage I and stage II CRC. For patients with stage I, the 
accuracy of the model was 100% (11/11), and the accuracy 
for stage II was 91.3% (21/23). Figure  4 shows the ROC 
curve for the validation set of the model with an AUC 
value of 99.31% (95% CI = [99,99.62]). The accuracy stats 
for the model in training and test set are shown in Supple-
ment 5 of the Supplementary file1. Unsupervised hierar-
chical clustering of CRC tumor, fecal and control samples 
using these specific DNA methylation biomarkers showed 

Fig. 3  Unsupervised hierarchical clustering of the 29 CRC-specific DNA methylation sites. The sites are from SEPTIN9, SDC2 and VIM in 49 CRC tissue 
samples, 67 CRC fecal samples and controls
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that the biomarkers can distinguish between three groups 
of samples (Fig. 5). These findings suggest that our screen-
ing method and constructed model for CRC methylation 
sites has the potential to be a robust method for CRC 
diagnosis.

Discussion
DNA methylation patterns play crucial roles in establish-
ing stable gene expression profiles [28]. It is recognized 
as a significant biomarker for CRC diagnosis, offering 

promise in reducing CRC mortality rates [29]. Although 
numerous DNA methylation biomarkers for CRC detec-
tion have been identified, the precise selection of CpG 
sites has not been thoroughly considered, with only a few 
DNA methylation panels being tested in fecal samples. In 
our study involving 236 CRC patients and healthy con-
trols, DNA methylation testing and model construction 
were conducted on fecal and tissue samples. A panel of 
29 CpG sites in the SDC2, SEPT9, and VIM genes from 
fecal samples was identified, and a model was developed 

Fig. 4  Receiver operating characteristic curve. The model was cross-validated tenfold via CRC (N = 14) and normal (N = 19) fecal samples

Fig. 5  Unsupervised hierarchical clustering of CRC-specific DNA methylation sites in tissue, fecal and control samples
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to demonstrate its potential as a biomarker for CRC 
diagnosis. This research serves as a valuable resource for 
identifying DNA methylation biomarkers in fecal sam-
ples for CRC diagnosis and highlights their potential clin-
ical application.

The results demonstrate that our model effectively 
distinguishes CRC patients from normal individu-
als.  In the verification cohort, the model showed an 
overall sensitivity of 91.43% and specificity of 100% in 
detecting CRC.  These results are superior to those of 
the detection of SDC2 gene methylation alone in feces 
(sensitivity of 77.0%, specificity of 98.1%) [30], VIM 
gene methylation alone in feces (sensitivity of 72.5%, 
specificity of 86.9%) [31], and the combined detec-
tion of SEPT9 and SDC2 gene methylation (sensitivity 
of 89.1%, specificity of 90.8%) [14]. The excellent per-
formance of this model can be attributed to the com-
bined methylation assessment of the SDC2, SEPT9, 
and VIM genes, which enhances the labeling signal and 
improves sensitivity and specificity. Hypermethylation 
of any of these three genes was considered indicative 
of increased CRC risk during model development. Pre-
vious studies have also suggested that incorporating 
multiple gene methylation markers can increase detec-
tion accuracy [32]. In addition, one-to-one screening 
for CRC hypermethylation sites via tissue and fecal 
samples is more compelling. This screening method 
involves the collection of both tumor tissue and fecal 
samples from CRC patients. Owing to the difficulty in 
sample collection, this method is rarely used. Even so, 
this method overcomes the effect of tumor molecular 
heterogeneity to some extent and is able to accurately 
screen for CpG sites with the highest predictive value 
among hotspot genes. Thus, the process reduces the 
weakening of the sensitivity and specificity of the assay 
by sites of no predictive value.

In this study, most of the methylated sites of the SDC2, 
SEPT9 and VIM genes were hypermethylated in tumor 
tissues and CRC feces, whereas they were hypomethyl-
ated in control fecal samples (Fig. 3). With an AUC value 
of 99.31% (Fig. 4), the model constructed from their gene 
combinations effectively discriminated between CRC 
patients and healthy subjects (Fig.  5). The SEPT9 gene 
is a tumor suppressor gene. Aberrant DNA methylation 
reduces its transcriptional activity, which in turn leads 
to dysregulation of gene expression and aberrant physi-
ological functions, which may cause cancer. The SEPT9 
promoter V2 region is methylated in CRC tissues but 
rarely in normal colonic mucosa [33]. SDC2 encodes a 
membrane protein that plays a role in cell proliferation 
and migration. Oh et  al. [34] examined the methylation 
of the SDC2 gene in CRC tissues and normal tissues 

and reported that hypermethylation was present only 
in tumor tissues, with a probability of 100%. Cytoskel-
etal proteins encoded by the VIM gene are thought to 
be involved in cancer invasion and metastasis. VIM pro-
moter methylation in fecal samples has high sensitivity 
and specificity for CRC detection [35]. Methylation of 
the three selected genes is rarely detected in normal indi-
viduals, and These genes have great potential for diagnos-
ing CRC. Although the WNT2, BMP3 and NDRG4 genes 
were hypermethylated in CRC tissues in this study, they 
were poorly distinguished between CRC fecal samples 
and healthy control samples (Fig.  2). Previous studies 
have shown that NDRG4 methylation to has high sensi-
tivity and specificity in fecal and urine samples (positiv-
ity rates of 72.6 and 76.2%, respectively [36]), whereas the 
average methylation rate of this gene in feces was slightly 
lower in this study. The decrease in detection results may 
be related to differences in assay methods and patient 
groups. The genes associated with prognosis in this study, 
SFRP2 and P16, were methylated at approximately 10% in 
CRC tissues and were not well distinct in both CRC feces 
and healthy controls (Fig. 2). It is hypothesized that these 
two genes have poor potential for prognostic testing in 
CRC using feces.

CRC tumors grow in specific locations and CRC cells 
are constantly shed into the lumen of the colon and 
released directly into the feces, which lays the foundation 
for the use of fecal DNA as a screening method for CRC 
[37]. Blood tests are also important for early screening 
of CRC. Since apoptotic and necrotic CRC cells release 
free DNA into the bloodstream, blood testing is feasible. 
However, DNA testing of serum samples tends to exhibit 
high background noise due to other diseases. Some bio-
markers (e.g., methylation of the SFRP2 gene) can not 
only indicate CRC but also mammary cancer which will 
affect the specificity of the test. Human DNA extracted 
from feces, the other hand, originates directly from tubu-
lar lumen shedding is more likely to be derived from CRC 
than from metastases or other primary tumors. It has 
also been found that markers released from cell shedding 
of cancer cells in the intestines may invade the blood-
stream before blood vessels [38]. Therefore, feces test-
ing is more accurate for detecting CRC. In our study, for 
the diagnosis of stage I and stage II CRC, the diagnostic 
model built utilizing the chosen loci had an accuracy of 
100% (11/11) and 91.3% (21/23), respectively. The total 
number of samples may have an impact on the accu-
racy discrepancy. In addition, the modeling approach of 
logistic regression was shown to have good performance 
[39]. Previous studies have shown that logistic regression 
modeling methods can improve the potential for CRC 
risk prediction [40], and thus the choice of modeling 
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method may also be responsible for the better perfor-
mance of the selected gene methylation sites and models 
in CRC detection.

The results of the study of the screened gene loci 
and models were shown to be able to diagnose CRC, 
however they performed poorly in predicting the can-
cer’s stage. The average accuracy of the five validation 
results using the confusion matrix is only 27.3% (95% 
CI = [10.41,44.20]). These findings are included in the 
Supplementary file1 (Supplement 6 and Supplement 
7). At the time of sample collection, there were more 
patients in stage II and III CRC and samples were easily 
available. Smaller sample sizes were found in stages IV 
due to the difficulty in obtaining clinical samples. The 
outcomes of the predictions will be more affected by an 
imbalance or insufficiency of sample size in each stage 
of the tumor. In addition, the number and range of gene 
loci studied may also have an impact on staging predic-
tions. Follow-up studies will include additional gene loci 
to more accurately predict colorectal cancer staging.

According to this study, these loci and the modal may 
contribute to a clinically CRC diagnosis. The quantity 
and range of samples that are obtained, however, still 
need to be greatly increased. In addition to samples 
from various tumor stages, fecal and tissue samples from 
adenomas, precancerous lesions, and high-risk popula-
tions should also be obtained, if available. After collecting 
more samples, we will conduct a study on early screening 
for colorectal cancer, because the current research is not 
entirely applicable to screen. Fecal is used in this study as 
a non-invasive genetic testing method that can compen-
sate for other diagnostic tools. It might be more helpful 
in the diagnosis of colorectal cancer if they are combined 
with other diagnostic tools.

Conclusions
We successfully developed a CRC methylation diagnostic 
model containing 29 mutation sites in three genes. The 
detection efficacy of the model has been validated in an 
independent cohort, emphasizing its potential for effec-
tive detection of CRC.
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