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Methylated Septin9 has moderate diagnostic 
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Abstract 

Background: The detection rate of methylated Septin9 (mSEPT9) in colorectal cancer (CRC) is varied greatly across 
the studies. This study aimed to evaluate the diagnostic ability of mSEPT9 in CRC, and compare the diagnostic efficacy 
with fecal immunochemical test (FIT).

Methods: 326 subjects from four centers were prospectively recruited, including 179 CRC and 147 non‑CRC subjects. 
The plasma was collected for mSEPT9 and CEA, AFP, CA125, CA153 and CA199 test, and fecal samples for FIT tests. 
Sensitivity, specificity and area under the curve (AUC) of receiver operating characteristic curve were calculated to 
evaluate the diagnostic value of each biomarker.

Results: The positive rate in mSEPT9 and FIT, and the level of CEA, CA125 and CA199 were significantly higher in CRC 
compared with non‑CRC subjects. The mSEPT9 positive rate was not associated with TNM stage and tumor stage. The 
sensitivity, specificity and AUC of mSEPT9 in diagnostic CRC were 0.77, 0.88 and 0.82, respectively, while the value in 
FIT was 0.88, 0.80 and 0.83, respectively. mSEPT9 and FIT have higher AUC value than that of CEA, CA125 and CA199. 
Combination of both mSEPT9 and FIT positive increased sensitivity and AUC to 0.98 and 0.83, respectively, but the 
specificity was declined. mSEPT9 has a slightly low sensitivity in diagnosis of colon cancer (0.87) compared with rectal 
cancer (0.93).

Conclusion: mSEPT9 demonstrated moderate diagnostic value in CRC detection, which was similar to the FIT but 
superior to the CEA, CA125 and CA199. Combination of mSEPT9 and FIT further improved diagnostic sensitivity in 
CRC.

Trial registration: ChiCTR2000038319.

Keywords: Colorectal cancer, Septin9, Methylation, Fecal immunochemical test, Diagnosis

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Colorectal cancer (CRC) remains one of the most com-
mon malignancies in the world and the incidence rate 
still increased, especially in China [1, 2]. The progno-
sis of early CRC is greatly improved with the advance-
ment of treatment strategy. However, the prognosis of 
those CRC patients at advance stage still poor, hence, 
early detection of CRC becomes a crucial challenge for 
the clinician. Currently, colonoscopy is the gold stand-
ard for CRC detection, but this method is invasive 
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procedure with high risk of complications, which limit 
its widely application in the clinical setting [3]. Fecal 
occult blood test (FOBT) or fecal immunochemical test 
(FIT) is widely used in the clinical setting due to its low 
cost and non-invasiveness, whereas the sensitivity and 
specificity of them alone is relatively low and is affect 
by many confounders [4, 5]. Some tumor biomarkers, 
such as carcinoembryonic antigen (CEA) and carbohy-
drate antigen-199 (CA199), are also used to diagnose 
CRC, but the diagnostic accuracy remain unsatisfactory 
and they were not recommended for CRC screening in 
current clinical guideline [6, 7]. Therefore, it is neces-
sary to identify a non-invasiveness method with high 
diagnostic ability for the detection of CRC.

It well known that DNA methylation is essential for 
the gene regulation, maintenance of cellular identity 
and epigenetic changes [8, 9]. Aberrant DNA methyla-
tion has been shown to closely link to the pathogenesis 
of several cancers, including CRC [10–12]. Given that 
specific methylation of cancer occurs early in tumo-
rigenesis, identifying specific aberrantly methylated 
genes become attractive strategy for early detection 
of cancer; in addition, gene methylation appears to be 
stable, yields an amplifiable signal and can be detected 
with high diagnostic accuracy [13]. At present, several 
DNA methylation of genes have been reported to asso-
ciate with the tumorigenesis of CRC, and some of them 
could be served as potential screening biomarkers for 
CRC [14, 15]. Among these biomarkers, methylated 
Septin9 (mSEPT9) is considered as a promising one for 
detecting CRC [16].
SEPT9 gene is located at chromosome 17q25.3 and 

involves in the process of cytokinesis and cytoskeletal 
organization [17, 18]. During the CRC carcinogenesis, 
the promoter region of SEPT9 gene is hypermethyl-
ated and the transcription is compromised [19]. To date, 
several studies have assessed the diagnostic value of 
peripheral blood mSEPT9 in the detection of CRC, but 
the diagnostic accuracy for CRC is differs greatly among 
each study, in which the sensitivity and specificity varied 
from 36.6 to 95.6% and 77 to 98.9%, respectively [20–24]. 
When focus on the Chinese CRC patients, the sensitiv-
ity and specificity ranging from 61.2 to 81.9% and 83.6 to 
93.7%, respectively [25–27]. The great different diagnos-
tic value might attribute to the low sample size or retro-
spective design of studies, therefore, whether mSEPT9 is 
a reliable biomarker for CRC detection in Chinese popu-
lation remain needs to further determined. In this study, 
we prospectively detected mSEPT9 degree in the patients 
who underwent colonoscopy examination, and compared 
the diagnostic efficacy of mSEPT9 to FIT, which aim to 
clarify the diagnostic value of mSEPT9 for CRC detection 
in a Chinese population.

Materials and methods
Patients and samples
This hospital-based case–control design study included 
CRC patients and non-CRC patients. The subjects who 
underwent colonoscopy examination were prospectively 
collected from four major hospitals from different cit-
ies of Guangxi Province, China. Subjects were recruited 
from June 2019 and June 2021. This study was approved 
by the ethics committee of each participating hospital. 
All the subjects were undertaken with informed consent. 
This study was registered as at Chinese Clinical Trail 
(ChiCTR: https:// www. chictr. org. cn/ listb ycrea ter. aspx, 
Trial Registration ID: ChiCTR2000038319).

Sample size estimation
Sample size estimation was based on the following equa-
tion: The number of cases (n) = (Uα/δ)2(1 − P)P [28]. The 
parameters were defined as follows: Uα is set as 1.96, δ 
is the cut-off value and estimated as 1/5–1/10 of known 
mSEPT9 sensitivity, and P represented the probability of 
a positive (putative positive detection rate). According 
to the equation an estimated 300 cases were required, so 
in the study a goal was set to collect 300 cases that have 
complete clinical information.

Inclusion and exclusion criteria
Inclusion criteria: (1) Subjects who underwent colo-
noscopy examination were given FIT test and mSEPT9 
examinations; (2) The age of subjects ranged from 50 to 
75 years old; (3) and fulfills one of the following criteria: 
the patient has history of intestinal polyp or adenoma; 
or history of inflammatory bowel disease; or first degree 
relative history of CRC. Exclusion criteria: (1) Subjects 
were excluded if they (1) have a history of CRC; (2) intes-
tinal bleeding during the colonoscopy examination; (3) 
has other cancers or immune diseases or inflammatory 
diseases.

Sample collection and storage
A 10  mL peripheral venous blood sample was collected 
with  K2EDTA anticoagulant tubes for the mSEPT9 
assay kit (BioChain, Beijing, China). Sample storage and 
transportation followed the instructions for use of the 
mSEPT9 kit. Sample tests and data analysis followed the 
manufacturer’s manual.

SEPT9 methylation detection
The PCR fluorescence probe method was used to detect 
mSEPT9. First, total cell-free DNA in plasma was 
extracted from 3.5 mL plasma samples with the use of the 
plasma processing kit (BioChain). The DNA was incu-
bated with bisulfite. Then, methylated target sequences 
in the bisulfite converted DNA template are amplified by 
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real-time PCR (RT-PCR). ACTB was used as the internal 
control. A single 60 µL PCR was performed for each sam-
ple in the mSEPT9 assay. The thermal cycling program is 
as follows: activation at 94 ℃ for 20 min; 45 cycles at 62℃ 
for 5 s, 55.5 ℃ for 35 s, and 93 ℃ for 30 s; and cooling at 
40 ℃ for 5 s. The mSEPT9 was positive if the quantifica-
tion cycle (“cycle threshold,” Ct) was less than 41 cycles 
and negative when Ct over 41. RT-PCR was carried out 
with the 7500 Fast Real time PCR system (Applied Bio-
system) using SYBR Green agent (Applied Biosystem).

FIT assay
FIT is qualitative assay. The stool samples were collected 
on two consecutive days with the use of the InSure FIT 
(BioChain) collection card, and the cards were returned 
to hospitals or central laboratories within 14  days from 
the first collection. Submitted stool samples were imme-
diately processed and examined using FIT kits (Bio-
Chain). FIT assay was conducted before the colonoscopy 
examination.

Peripheral blood indicators detection
Routine examination of peripheral blood biomarkers, 
including hemoglobin, albumin, white blood cell, platelet, 
neutrophil and lymphocyte were tested using automatic 
biochemical analyzer. Five tumor biomarkers, including 
CEA, AFP, CA125, CA153 and CA199 were tested using 
ECLIA Kit was used for quantitative detection according 
to the manufacture’s instruction.

Clinical features collection
The clinical features, including the patients’ age, gender, 
TNM stage, differentiation, tumor location, were col-
lected. CRC were confirmed by pathological diagnosis. 
Tumor stages were defined according to TNM staging 
system of eight edition of the Cancer Staging Manual of 
American Joint Committee on Cancer [29].

Statistical analysis
For continuous variables, the differences of between two 
groups were compared using chi-square test and t test 
where appropriated; and the comparison of over two 
groups were using one-way ANOVA test. Chi-square test 
or Fisher’s exact test were used to compare the categori-
cal variables where appropriated. For the diagnostic value 
of mSEPT9 and FIT, sensitivity and specificity with 95% 
confidence intervals (CIs) were calculated. The receiver 
operating characteristic (ROC) curve was used to evalu-
ate the diagnostic accuracy, and the comparisons between 
mSEPT9 and FIT, and the combination were evaluated by 
the area under the ROC curve (AUC). DeLong’s test was 
used to compared the AUC between two methods. All 
statistical analyses were performed using the R language 

(version 4.0.1). Two-side P-value < 0.05 was considered 
statistically significant.

Results
Baseline of included participants
The present finally included 326 subjects who under-
went colonoscopy examination. There were 211 male 
subjects and 115 female subjects, with the mean age as 
58.6 ± 10.1  years old. Among the subjects, 179 subjects 
were confirmed colorectal cancer histologically, which 
were all adenocarcinoma, and the rest 147 subjects were 
diagnosed as intestinal diseases; the colorectal cancer 
included 209 colon cancer and 117 rectal cancers, and 
the non-CRC included polyp, adenoma, inflammation 
diseases. FIT test showed that 187 patients were positive 
and 139 negatives, and the mSEPT9 test indicated that 
155 patients were positive and 171 negatives.

Comparison of clinical features in CRC and non‑CRC 
As the Table 1 showed, there were no greatly difference 
between CRC and non-CRC subjects in term of mean 
age, gender, CRC family history, or the complications of 
diabetes mellitus, hypertension and alcohol (P > 0.05), 
but CRC subjects complicated more hyperlipidemia 
and smoking than those of non-CRC subjects (P < 0.05). 
Regarding the peripheral blood biomarkers, the value 
of hemoglobin and albumin was lower in CRC subjects 
compared with non-CRC subjects, and the number of 
platelets was obviously increased in CRC patients com-
pared with non-CRC subjects, but no considerably differ-
ence between CRC and non-CRC subjects regarding the 
number of white blood cell, neutrophil and lymphocyte 
(P > 0.05). The levels of tumor biomarkers CEA, CA125 
and CA199 were elevated in CRC patients compared 
with in non-CRC subjects (P < 0.05), while the AFP and 
CA153 has no significant difference between these two 
kinds of patients (P > 0.05). The positive rate of mSEPT9 
and FIT were both higher in CRC patients compared 
with in non-CRC subjects (P < 0.05). When compared the 
difference between patients with polyp and adenoma, we 
found that adenoma patients with more number smoking 
status and low-grade of lesion compared with patients 
with polyp (P < 0.05), other indexes showed insignificant 
difference (P > 0.05).

Comparison of clinical features in CRC patients 
with different mSEPT9 positive rate
Table 2 summarized the different clinical features of CRC 
patients with different mSEPT9 positive rate. Among the 
179 CRC patients, 137 patients were mSEPT9 positive 
(76.5%, 137/179). In order to determine the clinical sig-
nificance of mSEPT9 in CRC, we compared the mSEPT9 
positive rate in each clinical feature of CRC patients. The 
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Table 1 Comparison of clinical data between CRC and non‑CRC 
subjects

All CRC Non‑CRC P value

N = 326 N = 179 N = 147

Gender 0.484

 Male 211 (64.7%) 113 (62.8%) 98 (67.1%)

 Female 115 (35.3%) 67 (37.2%) 48 (32.9%)

Age (years) 58.6 ± 10.1 59.5 ± 9.62 57.5 ± 10.5 0.079

Histological type 1.000

 No 320 (98.2%) 177 (98.3%) 143 (97.9%)

 Yes 6 (1.84%) 3 (1.67%) 3 (2.05%)

Diabetes mellitus 0.434

 No 303 (92.9%) 165 (91.7%) 138 (94.5%)

 Yes 23 (7.06%) 15 (8.33%) 8 (5.48%)

Hypertension 0.663

 No 252 (77.3%) 137 (76.1%) 115 (78.8%)

 Yes 74 (22.7%) 43 (23.9%) 31 (21.2%)

Hyperlipidemia 0.012

 No 260 (79.8%) 134 (74.4%) 126 (86.3%)

 Yes 66 (20.2%) 46 (25.6%) 20 (13.7%)

Smoking < 0.001

 No 244 (74.8%) 115 (63.9%) 129 (88.4%)

 Yes 82 (25.2%) 65 (36.1%) 17 (11.6%)

Alcohol 0.118

 No 261 (80.1%) 138 (76.7%) 123 (84.2%)

 Yes 65 (19.9%) 42 (23.3%) 23 (15.8%)

Location < 0.001

 Colon 209 (64.1%) 90 (50.3%) 119 (81.0%)

 Rectal 117 (35.9%) 89 (49.7%) 28 (19.0%)

Lesion size (cm) 2.44 ± 1.93 3.13 ± 1.99 1.07 ± 0.67) < 0.001

Histological type < 0.001

 Adenocarcinoma 179 (54.9%)

 Polyp 97 (29.8%)

 Adenoma 37 (11.3%)

 Inflammation 12 (3.68%)

 Normal 1 (0.31%)

Hemoglobin (g/L) 125 ± 21.3 119 ± 22.0 135 ± 16.4 < 0.001

Platelet (×109) 273 ± 90.2 296 ± 96.7 242 ± 69.2 < 0.001

Neutrophil (×109) 5.01 ± 12.1 5.68 ± 15.8 4.10 ± 2.01 0.187

lymphocyte (×109) 1.87 ± 0.66 1.88 ± 0.71 1.85 ± 0.60 0.714

Albumin (g/L) 39.4 ± 5.32 37.5 ± 5.04 42.2 ± 4.49 < 0.001

CEA (ng/mL) 48.0 ± 280 78.5 ± 360 3.03 ± 3.64 0.006

AFP (ng/mL) 2.92 ± 2.02 2.97 ± 2.42 2.83 ± 1.24 0.523

CA125 (U/mL) 18.6 ± 50.7 22.8 ± 62.6 11.1 ± 9.15 0.017

CA153 (U/mL) 10.3 ± 6.62 10.2 ± 7.27 10.5 ± 5.36 0.698

CA199 (U/mL) 147 ± 993 239 ± 1275 9.95 ± 9.34 0.018

FIT < 0.001

 Positive 187 (57.4%) 157 (87.7%) 30 (20.4%)

 Negative 139 (42.6%) 22 (12.3%) 117 (79.6%)

mSEPT9 < 0.001

 Positive 155 (47.5%) 137 (76.5%) 18 (12.2%)

 Negative 171 (52.5%) 42 (23.5%) 129 (87.8%)

CRC  Colorectal cancer

Table 2 Comparison of mSEPT9 positive rate in clinical features 
of CRC patients

NR Not reported

Positive Negative P value
N = 137 N = 42

Gender 1.000

 Male 86 (62.8%) 26 (61.9%)

 Female 51 (37.2%) 16 (38.1%)

Age (years) 60.1 ± 9.97 57.4 ± 8.28 0.081

Tumor size (cm) 3.26 ± 2.06 2.61 ± 1.68 0.049

T stage 0.067

 NR 2 (1.46%) 3 (7.14%)

 T1 5 (3.65%) 2 (4.76%)

 T2 13 (9.49%) 9 (21.4%)

 T3 92 (67.2%) 23 (54.8%)

 T4 19 (13.9%) 5 (11.9%)

 TX 6 (4.38%) 0 (0.00%)

N stage 0.066

 NR 3 (2.19%) 3 (7.14%)

 N0 45 (32.8%) 21 (50.0%)

 N1 38 (27.7%) 10 (23.8%)

 N2 47 (34.3%) 8 (19.0%)

 NX 4 (2.92%) 0 (0.00%)

M stage 0.087

 NR 2 (1.46%) 3 (7.14%)

 M0 102 (74.5%) 34 (81.0%)

 M1 28 (20.4%) 5 (11.9%)

 Mx 5 (3.65%) 0 (0.00%)

Tumor stage 0.352

 NR 4 (2.92%) 3 (7.14%)

 I 16 (11.7%) 8 (19.0%)

 II 33 (24.1%) 11 (26.2%)

 III 57 (41.6%) 15 (35.7%)

 IV 27 (19.7%) 5 (11.9%)

Hemoglobin (g/L) 118 ± 22.1 122 ± 21.6 0.239

Platelet (×  109) 305 ± 103 270 ± 66.1 0.011

Neutrophil (×  109) 6.11 ± 18.0 4.28 ± 2.08 0.247

lymphocyte (×  109) 1.89 ± 0.69 1.86 ± 0.79 0.865

Albumin (g/L) 37.4 ± 4.20 37.9 ± 7.16 0.656

CEA (ng/mL) 80.0 ± 351 73.1 ± 395 0.920

AFP (ng/mL) 2.69 ± 1.33 3.92 ± 4.34 0.085

CA125 (U/mL) 21.4 ± 62.3 27.6 ± 64.1 0.590

CA153 (U/mL) 9.98 ± 4.90 11.1 ± 12.4 0.588

CA199 (U/mL) 296 ± 1444 42.4 ± 127 0.045

FIT 0.209

 Positive 123 (89.8%) 34 (81.0%)

 Negative 14 (10.2%) 8 (19.0%)
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results showed that no significant difference between the 
positive rate of mSEPT9 regarding the gender and age of 
CRC patients (P > 0.05). With respect to the peripheral 
blood biomarkers, only the platelet and CA199 showed 
significant higher value in mSEPT9 positive patients 
than to negative patients (P > 0.05). The positive rate of 
mSEPT9 was also has no significant difference regard-
ing the TNM stage and tumor stage (P > 0.05). There also 
was no remarkably difference between mSEPT9 posi-
tive and negative patients regarding the FIT positive rate 
(P > 0.05).

Diagnostic value of FIT and mSEPT9 in CRC 
We applied non-CRC subjects as control and con-
ducted the diagnostic test for mSEPT9 and FIT. As the 

Table  3 listed, the sensitivity and specificity of mSEPT9 
in diagnosis of CRC were 0.77 and 0.88, with the diag-
nostic accuracy as 0.82, which was lower than those of 
FIT, with the value as 0.88, 0.80 and 0.84, respectively. 
We also tested the diagnostic value of CEA, CA125 and 
CA199 that the levels were increased in CRC, and found 
that the diagnostic value of these biomarkers was lower, 
with the AUC as 0.73, 0.58 and 0.60, respectively. There 
was no significance between mSEPT9 and FIT regarding 
the diagnostic ability for CRC (P = 0.602, Fig.  1). These 
results suggested that the mSEPT9 has a moderated diag-
nostic value in CRC, which is similar to that of FIT.

Combination of mSEPT9 and FIT in diagnosis of CRC 
In order to explore the diagnostic value of the combi-
nation of mSEPT9 and FIT, we established two kinds 
of combination, including Combination I: only both 
mSEPT9 and FIT positive was considered as CRC; Com-
bination II: either mSEPT9 or FIT positive was consid-
ered as CRC. In Combination I, we found that although 
the overall diagnostic value was similar to Combination 
II (AUC: 0.83 vs. 0.82), the sensitivity was significantly 
increased (0.98), but the specificity was decreased, which 
was only 0.69. In Combination II, the sensitivity specific-
ity was declined to 0.69, but the specificity was increased 
to 0.96 (Table 4). These results demonstrated that these 
two kinds of combinations of mSEPT9 and FIT have dif-
ferent diagnostic value in CRC.

Table 3 Diagnostic value of mSEPT9 and FIT in CRC 

PPV Positive predictive value; NPV Negative predictive value; AUC  area under the 
curve

mSEPT9 FIT

Sensitivity 0.77 (0.70, 0.83) 0.88 (0.82, 0.92)

Specificity 0.88 (0.81, 0.93) 0.80 (0.72, 0.86)

PPV 0.88 (0.82, 0.93) 0.84 (0.78, 0.89)

NPV 0.75 (0.68, 0.82) 0.84 (0.77, 0.90)

Accuracy 0.82 (0.77, 0.85) 0.84 (0.79, 0.88)

AUC 0.82(0.78, 0.86) 0.83 (0.79, 0.88)

Fig. 1 Diagnostic value of mSEPT9, FIT and tumor biomarkers in CRC. A Diagnostic value of mSEPT9 and FIT; B Diagnostic value of CEA, CA125 and 
CA199
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Diagnostic value of mSEPT9 in colon cancer and rectal 
cancer
We further determined the diagnostic value of mSEPT9 
in different location of CRC. As Table 5 shown, although 
the overall diagnostic accuracy of mSEPT9 was similar 
in both colon cancer and rectal cancer, the sensitivity 
and specificity of mSEPT9 was decreased in colon can-
cer compared with that in rectal cancer. In contrast to 
the results of mSEPT9, the sensitivity and specificity of 
FIT was increased in colon cancer compared with rectal 
cancer. Collectively, these results indicated that mSEPT9 
has a relatively high diagnostic accuracy in colon cancer 
compared with rectal cancer.

Diagnostic value of mSEPT9 in CRC at early or advance 
stage
Finally, we determined the diagnostic value of mSEPT9 in 
different stage of CRC. We defined patients with tumor 
stage I and II as early stage, otherwise advance stage, and 
then calculated the diagnostic value of mSEPT9 at early 
stage and advance stage. We found that, the sensitivity, 
specificity and AUC value of mSEPT9 similar between 
early stage and advance stage, with the AUC value as 0.83 
and 0.84, respectively (Table  6), indicating that no sig-
nificant difference of mSEPT9 diagnostic value regarding 
different tumor stage.

Discussion
In the present, we prospectively recruited 326 subjects 
who underwent colonoscopy examination, and tested 
the mSEPT9 and FIT for each subject. We found that the 
positive rate of mSEPT9 was significantly increased in 
CRC compared with non-CRC subjects. We also found 
that positive rate of mSEPT9 was associated with CEA, 
CA125 and CA199 levels, but not the age, gender, TNM 
stage, tumor stage and FIT positive rate. Then we deter-
mined the diagnostic value of mSEPT9 on CRC, the 
results showed that the sensitivity, specificity and the 
diagnostic accuracy was 0.77, 0.88 and 0.82, respectively. 
We noted that the diagnostic accuracy of FIT was similar 
to that of mSEPT9. Next, we determined the combina-
tion of mSEPT9 and FIT in diagnosis of CRC, however, 
the results showed that the sensitivity and specificity 
was varied greatly between two kinds of combinations. 
Finally, we found that the specificity of mSEPT9 was sim-
ilar in both colon cancer and rectal cancer, while the sen-
sitivity was higher in rectal cancer than in colon cancer. 
Taken together, these results demonstrated that plasma 
mSEPT9 was associated with the pathogenesis of CRC, 
and has a moderate diagnostic value on CRC, while the 
combination of FIT could not significantly increase the 
diagnostic value on CRC.

Table 4 Combination of mSEPT9 and FIT in diagnosis of CRC 

PPV Positive predictive value, NPV negative predictive value, AUC  area under the 
curve

mSEPT9+ AND  FIT+ mSEPT9+ OR  FIT+

Sensitivity 0.98 (0.94, 1.00) 0.69 (0.61, 0.77)

Specificity 0.69 (0.61, 0.75) 0.96 (0.91, 0.98)

PPV 0.72 (0.65, 0.78) 0.93 (0.86, 0.97)

NPV 0.98 (0.93, 1.00) 0.79 (0.73, 0.84)

Accuracy 0.82 (0.77, 0.86) 0.84 (0.79, 0.88)

AUC 0.83(0.79–0.87) 0.82 (0.78, 0.86)

Table 5 Diagnostic value of FIT and mSEPT9 in CRC 

PPV Positive predictive value, NPV negative predictive value, AUC  area under the curve

mSEPT9 FIT

Colon cancer Rectal cancer Colon cancer Rectal cancer

Sensitivity 0.87 (0.79, 0.92) 0.93 (0.76, 0.99) 0.82 (0.74, 0.89) 0.68 (0.48, 0.84)

Specificity 0.74 (0.64, 0.83) 0.79 (0.69, 0.87) 0.81 (0.71, 0.89) 0.94 (0.87, 0.98)

PPV 0.81 (0.73, 0.87) 0.58 (0.42, 0.72) 0.85 (0.77, 0.91) 0.79 (0.58, 0.93)

NPV 0.81 (0.71, 0.89) 0.97 (0.90, 1.00) 0.78 (0.68, 0.86) 0.90 (0.82, 0.95)

Accuracy 0.81(0.75, 0.86) 0.82(0.74, 0.89) 0.82(0.76, 0.87) 0.88(0.81, 0.93)

AUC 0.81(0.75, 0.86) 0.81(0.75, 0.86) 0.82 (0.76, 0.87) 0.81 (0.72, 0.90)

Table 6 Diagnostic value of mSEPT9 in CRC at early or advance 
stage

PPV Positive predictive value, NPV negative predictive value, AUC  area under the 
curve

Early stage Advance stage

Sensitivity 0.80 (0.72, 0.86) 0.80 (0.72, 0.86)

Specificity 0.88 (0.78, 0.94) 0.87 (0.80, 0.93)

PPV 0.93 (0.87, 0.97) 0.89 (0.83, 0.94)

NPV 0.68 (0.58, 0.77) 0.76 (0.68, 0.83)

Accuracy 0.82(0.76, 0.87) 0.83 (0.78, 0.87)

AUC 0.84(0.79, 0.89) 0.83 (0.79, 0.88)
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In this study, the number of platelets was obviously 
increased in CRC patients compared with non-CRC sub-
jects, which was similar to the previous reported [30], 
suggested that CRC patients usually present hypercoagu-
lation status compared with non-CRC patients [31], and 
also probably used to predict the survival of CRC patients 
[32]. Since gene methylation occurs in distinct genomic 
areas and associated with epigenetic transcriptional 
silencing of tumor suppressor genes, detection of gene 
methylation in samples from tissue or blood are becom-
ing novel candidate targets for detecting cancer. A recent 
study has shown that the DNA methylation frequency 
of SEPT9 gene up to 91.8% (90/98) in CRC tissues, indi-
cating a high methylation status of SEPT9 in CRC [33]. 
In addition, mSEPT9 DNA is found to be released into 
the peripheral blood from necrotic and apoptotic can-
cer cells during CRC carcinogenesis; thus, CRC could be 
determined by testing the degree of mSEPT9 in periph-
eral blood, which makes it likely to be a promising non-
invasive tumor biomarker for CRC detection. There have 
been several studies confirmed that detecting mSEPT9 
in peripheral blood indicates the presence of CRC, with 
the positive rate range from 72.4 to 77.0% [34–37]. In our 
studies, the positive rate of plasma mSEPT9 in CRC and 
non-CRC was 76.5% and 23.5%, respectively, which was 
within the range of previous reports, suggesting the high 
positive rate in CRC. To be note, we failed to show the 
significant difference among tumor stage of CRC regard-
ing mSEPT9 positive rate, suggesting that mSEPT9 might 
not be a reliable biomarker to detect CRC at early stage.

The diagnostic value of plasma mSEPT9 has been 
reported in previous studies, but the diagnostic accu-
racy of mSEPT9 in CRC detection varied greatly among 
published literatures. Currently, there are mainly three 
methods to test the degree of mSEPT9, including RT-
PCR assay, Epi proColon test 1.0 and Epi proColon test 
2.0. There was study showed that no significant differ-
ences between Epi proColon 2.0 and PCR fluorescence 
probe method [37]. Therefore, the disparity of diagnos-
tic value might due to different ethnicity or other factors. 
For European and American population, the sensitivity 
ranged from 46.6 to 90.0%; but the sensitivity varied from 
69 to 88% in Chinese population [25–27]. More recently, 
Chen et  al. reported that by recruiting 213 individuals 
including 91 CRC patients, the sensitivity and specificity 
of plasma mSEPT9 in diagnosis of CRC was 75.8% and 
94.7%. However, Lee et  al. [21] reported a much lower 
sensitivity of peripheral blood mSEPT9 (36.6%) in CRC 
among Korean population. These results suggested that 
the diagnostic accuracy of might partly due to different 
ethnicity. Regarding the cost effectiveness of mSEPT9 
assay for CRC detection, the cost of each test of mSEPT9 

assay is average 600 RMB, and the FIT or FOBT is less 
than 10 RMB, considering the similar diagnostic value 
between mSEPT9 and FIT or FOBT, these results did not 
support the high-cost effectiveness of mSEPT9 assay for 
CRC detection.

When compared the diagnostic value of mSEPT9 with 
other tumor biomarkers (CEA, CA125 and CA199), we 
found that the mSEPT9 has better diagnostic perfor-
mance than those tumor biomarkers. Several studies 
have shown that combination of mSEPT9 with FIT or 
FOBT could increase the diagnostic value in CRC. There 
was study reported that the combination of mSEPT9 and 
FOBT improved sensitivity to 84.1% compared with sin-
gle mSEPT9 (61.8%) [35]. While Wu et  al. [37] showed 
that the sensitivity of combination of mSEPT9 and FOBT 
up to 94.2%. In the present study, we found that either 
consider one of methods positive (mSEPT9 or FIT), or 
both of the two methods positive as CRC, the sensitiv-
ity and specificity could not increase simultaneously. We 
also analyzed the diagnostic value of mSEPT9 in colon 
cancer and rectal cancer was similar, suggesting that the 
location of tumor did not affect the overall diagnostic 
value. Collectively, these results indicate the combination 
of the two methods should be used in considering differ-
ent clinical setting, which is for screening or excluding 
CRC.

This study has several strengths. First, this study is 
a prospectively design study with relatively completed 
clinical information, which reduce the selected bias and 
the influence of potential confounders. Second, the CRC 
patients in this study are from multiple centers with a rel-
ative larger samples size, which increased the statistical 
power and guarantee the robustness of diagnostic accu-
racy. There were several major limitations in this study, 
although our study recruited a larger sample size of 
patients, the number in subgroup analysis, such as tumor 
stage, tumor location, remain small. Thus, further study 
with large number is warranted to verify the results in 
subgroup analyses. Second, this study only concerns the 
diagnostic value of mSEPT9 in CRC detection, the asso-
ciation between mSEPT9 and prognosis of CRC patients 
still need to investigate in future study.

Conclusion
The present study found that the positive rate of plasma 
mSEPT9 was increased in CRC patients, but not asso-
ciated TNM stage and the tumor stage. mSEPT9 has 
a moderate diagnostic value in diagnosis of CRC, the 
combination of both mSEPT9 with FIT positive could 
improve sensitivity, though the specificity decreased in 
CRC detection. Plasma mSEPT9 together with FIT test is 
helpful in screening patients at high-risk of CRC.



Page 8 of 9Lu et al. BMC Gastroenterology          (2022) 22:232 

Acknowledgements
Not applicable.

Author contributions
Study concept and design: HXJ and HBL; Collection and assembly of data: 
LDC and LYH; Performed the experiment: LDC, LYH, LB, ZQF, LL and LXK; Data 
analysis and interpretation: LDC, LYH, LB, ZQF, LL and LXK; Manuscript writing 
and review: all authors. All authors have read and approved the manuscript in 
its current state.

Funding
This study was partially supported by research funding from the National 
Natural Science Foundation (No. 82160446; 81860417), Natural Science Foun‑
dation of Guangxi (No. GUIKE‑AB1850007). The funders had no role in study 
design, data collection and analysis, decision to publish, or preparation of the 
manuscript.

Availability of data and materials
The data used to support the findings of this study are available from the cor‑
responding author upon reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the ethics committee of the First Affiliated Hos‑
pital of Guangxi Medical University, Nanxishan Hospital of Guangxi, Jiangbin 
Hospital of Guangxi and Minzu Hospital of Guangxi. All methods were 
performed in accordance with relevant guidelines and regulations. All the 
subjects were undertaken with informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no conflict of interest.

Author details
1 Department of Gastroenterology, First Affiliated Hospital of Guangxi 
Medical University, Shuangyong Road 6, Nanning 530021, Guangxi, China. 
2 Department of Gastroenterology, Nanxishan Hospital of Guangxi Zhuang 
Autonomous Region, Guilin 541002, China. 3 Department of Gastroenterology, 
Jiangbin Hospital of Guangxi Zhuang Autonomous Region, Nanning 530021, 
China. 4 Department of Gastroenterology, Minzu Hospital of Guangxi Zhuang 
Autonomous Region, Nanning 530001, China. 5 Department of Research, 
Guangxi Medical University Cancer Hospital, Hedi Road 71, Nanning 530021, 
China. 

Received: 3 March 2022   Accepted: 26 April 2022

References
 1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray 

F. Global Cancer Statistics 2020: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 
2021;71(3):209–49.

 2. Cao W, Chen HD, Yu YW, Li N, Chen WQ. Changing profiles of cancer bur‑
den worldwide and in China: a secondary analysis of the global cancer 
statistics 2020. Chin Med J (Engl). 2021;134(7):783–91.

 3. Morikawa T, Kato J, Yamaji Y, Wada R, Mitsushima T, Shiratori Y. A 
comparison of the immunochemical fecal occult blood test and total 
colonoscopy in the asymptomatic population. Gastroenterology. 
2005;129(2):422–8.

 4. Fisher DA, Princic N, Miller‑Wilson LA, Wilson K, Fendrick AM, Limburg P. 
Utilization of a colorectal cancer screening test among individuals with 
average risk. JAMA Netw Open. 2021;4(9):e2122269.

 5. Zhou Q, Li HL, Li Y, Gu YT, Liang YR, Liu HZ, Li K, Dong H, Chen YY, Lin 
GZ. Cost‑effectiveness analysis of different screening strategies for 
colorectal cancer in Guangzhou, southern China: a Markov simulation 

analysis based on natural community screening results. BMJ Open. 
2021;11(9):e049581.

 6. Jia J, Zhang P, Gou M, Yang F, Qian N, Dai G. The role of serum CEA and 
CA19‑9 in efficacy evaluations and progression‑free survival predictions 
for patients treated with cetuximab combined with FOLFOX4 or FOLFIRI 
as a first‑line treatment for advanced colorectal cancer. Dis Markers. 
2019;2019:6812045.

 7. Yamashita K, Watanabe M. Clinical significance of tumor mark‑
ers and an emerging perspective on colorectal cancer. Cancer Sci. 
2009;100(2):195–9.

 8. Boukhaled GM, Corrado M, Guak H, Krawczyk CM. Chromatin architecture 
as an essential determinant of dendritic cell function. Front Immunol. 
2019;10:1119.

 9. Suelves M, Carrio E, Nunez‑Alvarez Y, Peinado MA. DNA methylation 
dynamics in cellular commitment and differentiation. Brief Funct Genom‑
ics. 2016;15(6):443–53.

 10. Huang HT, Figueroa ME. Epigenetic deregulation in myeloid malignan‑
cies. Blood. 2021;138(8):613–24.

 11. Alcaraz J, Ikemori R, Llorente A, Diaz‑Valdivia N, Reguart N, Vizoso M. Epi‑
genetic reprogramming of tumor‑associated fibroblasts in lung cancer: 
therapeutic opportunities. Cancers (Basel). 2021;13(15):3782.

 12. Kuai D, Zhu S, Shi H, Yang R, Liu T, Liu H, Min L, Zhang S. Aberrant expres‑
sion of m(6)A mRNA methylation regulators in colorectal adenoma and 
adenocarcinoma. Life Sci. 2021;273:119258.

 13. Moore LD, Le T, Fan G. DNA methylation and its basic function. Neuropsy‑
chopharmacology. 2013;38(1):23–38.

 14. Xu M, Yuan L, Wang Y, Chen S, Zhang L, Zhang X. Integrative analysis 
of DNA methylation and gene expression profiles identifies colorectal 
cancer‑related diagnostic biomarkers. Pathol Oncol Res. 2021;27:1609784.

 15. Wang D, O’Rourke D, Sanchez‑Garcia JF, Cai T, Scheuenpflug J, Feng Z. 
Development of a liquid biopsy based purely quantitative digital droplet 
PCR assay for detection of MLH1 promoter methylation in colorectal 
cancer patients. BMC Cancer. 2021;21(1):797.

 16. Summers T, Langan RC, Nissan A, Brucher BL, Bilchik AJ, Protic M, Daumer 
M, Avital I, Stojadinovic A. Serum‑based DNA methylation biomarkers in 
colorectal cancer: potential for screening and early detection. J Cancer. 
2013;4(3):210–6.

 17. McIlhatton MA, Burrows JF, Donaghy PG, Chanduloy S, Johnston PG, 
Russell SE. Genomic organization, complex splicing pattern and expres‑
sion of a human septin gene on chromosome 17q25.3. Oncogene. 
2001;20(41):5930–9.

 18. Hall PA, Russell SE. The pathobiology of the septin gene family. J Pathol. 
2004;204(4):489–505.

 19. Jones PA, Baylin SB. The epigenomics of cancer. Cell. 2007;128(4):683–92.
 20. Toth K, Sipos F, Kalmar A, Patai AV, Wichmann B, Stoehr R, Golcher H, 

Schellerer V, Tulassay Z, Molnar B. Detection of methylated SEPT9 in 
plasma is a reliable screening method for both left‑ and right‑sided colon 
cancers. PLOS ONE. 2012;7(9):e46000.

 21. Lee HS, Hwang SM, Kim TS, Kim DW, Park DJ, Kang SB, Kim HH, Park KU. 
Circulating methylated septin 9 nucleic Acid in the plasma of patients 
with gastrointestinal cancer in the stomach and colon. Transl Oncol. 
2013;6(3):290–6.

 22. Warren JD, Xiong W, Bunker AM, Vaughn CP, Furtado LV, Roberts WL, Fang 
JC, Samowitz WS, Heichman KA. Septin 9 methylated DNA is a sensitive 
and specific blood test for colorectal cancer. BMC Med. 2011;9:133.

 23. Ahlquist DA, Taylor WR, Mahoney DW, Zou H, Domanico M, Thibodeau 
SN, Boardman LA, Berger BM, Lidgard GP. The stool DNA test is more 
accurate than the plasma septin 9 test in detecting colorectal neoplasia. 
Clin Gastroenterol Hepatol. 2012;10(3):272‑277 e271.

 24. Church TR, Wandell M, Lofton‑Day C, Mongin SJ, Burger M, Payne SR, 
Castanos‑Velez E, Blumenstein BA, Rosch T, Osborn N, et al. Prospective 
evaluation of methylated SEPT9 in plasma for detection of asymptomatic 
colorectal cancer. Gut. 2014;63(2):317–25.

 25. Ding QQ, Zhang H, Xu HC, Li XL, Shao Y. Value of methylated Septin 9 
detection in screening colorectal cancer in elderly people. Chin J Geriatr. 
2015;34(12):1348–50.

 26. Fu B, Yan P, Zhang S, Lu Y, Pan L, Tang W, Chen S, Zhang A, Liu W. Cell‑free 
circulating methylated SEPT9 for noninvasive diagnosis and monitoring 
of colorectal cancer. Dis Markers. 2018;2018:6437104.



Page 9 of 9Lu et al. BMC Gastroenterology          (2022) 22:232  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 27. Li Y, Hui LY, Wang YW. Diagnostic evaluation of Septin9 methylated 
DNA detection in the screening of colorectal cancer. Clin Res Pract. 
2018;3(7):1–3.

 28. Hong Y, editor. Medical statistics. 2nd ed. Beijing: People’s Medical Pub‑
lishing House; 2010.

 29. Keung EZ, Gershenwald JE. The eighth edition American Joint Committee 
on Cancer (AJCC) melanoma staging system: implications for melanoma 
treatment and care. Expert Rev Anticancer Ther. 2018;18(8):775–84.

 30. Wu YY, Zhang X, Qin YY, Qin JQ, Lin FQ. Mean platelet volume/platelet 
count ratio in colorectal cancer: a retrospective clinical study. BMC Can‑
cer. 2019;19(1):314.

 31. Seretis C, Youssef H, Chapman M. Hypercoagulation in colorectal cancer: 
what can platelet indices tell us? Platelets. 2015;26(2):114–8.

 32. Giannakeas V, Kotsopoulos J, Brooks JD, Cheung MC, Rosella L, Lipscombe 
L, Akbari MR, Austin PC, Narod SA. Platelet count and survival after cancer. 
Cancers (Basel). 2022;14(3):549.

 33. Sobanski T, Arantes L, Dos Santos W, Matsushita M, de Oliveira MA, 
Costa M, de Carvalho AC, Berardinelli GN, Syrjanen K, Reis RM, et al. 
Methylation profile of colon cancer genes in colorectal precursor lesions 
and tumor tissue: perspectives for screening. Scand J Gastroenterol. 
2021;56(8):920–8.

 34. Sun J, Fei F, Zhang M, Li Y, Zhang X, Zhu S, Zhang S. The role of (m)SEPT9 
in screening, diagnosis, and recurrence monitoring of colorectal cancer. 
BMC Cancer. 2019;19(1):450.

 35. Xie L, Jiang X, Li Q, Sun Z, Quan W, Duan Y, Li D, Chen T. Diagnostic value 
of methylated Septin9 for colorectal cancer detection. Front Oncol. 
2018;8:247.

 36. Jin P, Kang Q, Wang X, Yang L, Yu Y, Li N, He YQ, Han X, Hang J, Zhang 
J, et al. Performance of a second‑generation methylated SEPT9 
test in detecting colorectal neoplasm. J Gastroenterol Hepatol. 
2015;30(5):830–3.

 37. Wu D, Zhou G, Jin P, Zhu J, Li S, Wu Q, Wang G, Sheng J, Wang J, Song 
L, et al. Detection of colorectal cancer using a simplified SEPT9 gene 
methylation assay is a reliable method for opportunistic screening. J Mol 
Diagn. 2016;18(4):535–45.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Methylated Septin9 has moderate diagnostic value in colorectal cancer detection in Chinese population: a multicenter study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Patients and samples
	Sample size estimation
	Inclusion and exclusion criteria
	Sample collection and storage
	SEPT9 methylation detection
	FIT assay
	Peripheral blood indicators detection
	Clinical features collection
	Statistical analysis

	Results
	Baseline of included participants
	Comparison of clinical features in CRC and non-CRC
	Comparison of clinical features in CRC patients with different mSEPT9 positive rate
	Diagnostic value of FIT and mSEPT9 in CRC
	Combination of mSEPT9 and FIT in diagnosis of CRC
	Diagnostic value of mSEPT9 in colon cancer and rectal cancer
	Diagnostic value of mSEPT9 in CRC at early or advance stage

	Discussion
	Conclusion
	Acknowledgements
	References


