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Introduction 

Colorectal cancer (CRC) has become the 3rd leading cause of new 
cancer cases in the United States in 2014[1]. The prevention of 
CRC should aim at early detection. However, 60%-70% of patients 
are found at middle or late stage CRC when they are first-time 
diagnosed, leading to the high mortality in CRC [2]. The low 
detection rate of early stage CRC is mainly due to late onset of 
clinical symptoms and lack of effective early detection methods. 
Therefore, regular screening with effective early detection 
methods is needed to prolong patients’ lives and reduce mortality.

Four types of test are currently available for CRC detection or 
screening, including fecal-based occult blood test (FOBT or FIT), 
tumor marker blood test, combined fecal DNA and FIT test, and 
imaging test (colonoscopy). The specificity or sensitivity for 
FOBT or FIT is not sufficient, and compliance is low due to the 
inconvenience in sampling and the interference of the test results 
by many factors [3,4]. The serum-based non-invasive tumor 
markers used in clinical laboratories, including carcino embryonic 
antigen (CEA) and carbohydrate antigen 19-9 (CA19-9), are not 
appropriate for screening due to their low sensitivity and the 
lack of CRC specificity, especially for early stage CRC [5-8]. More 
recently, the FDA-approved fecal DNA test (Cologuard, Exact 
Sciences, Madison, WI, USA) exhibited high sensitivity in detecting 
CRC (87 %) and adenomas ≥ 1 cm (82%) [9-11]. The test includes 
mutation detection, methylation detection and FIT. However, the 
price of the test is much higher than that of the SEPT9 or FIT test, 

due to the combination of multiple indicators. Colonoscopy is now 
regarded as the gold standard for CRC diagnosis when combined 
with pathological examinations. However, its compliance is 
low due to its high costs, inconvenient preparation process, 
invasive procedure, and multiple complications [12]. Since these 
conventional CRC screening methods are either ineffective or 
invasive, more convenient and accurate method is needed to 
improve the CRC screening rate. The SEPT9 gene methylation 
assay, a blood-based test used specifically for CRC detection 
and screening, was developed and used clinically for the above 
purposes. 

Septins are a group of scaffolding proteins that provide structural 
support during cell division [13]. Individual septins exist in 
stable six-to eight-subunit core heteromers, and the octamer 
contains two molecules of each of SEPT2, SEPT6, SEPT7, and 
SEPT9 subunits [14]. It was suggested that SEPT9 occupies a 
terminal position in the complex and plays a key role in subunit 
polymerization and the whole octamer stablization [15]. It is also 
critical for the final separation of daughter cells during cytokinesis 
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[16]. Therefore, cytokinesis may be seriously affected if abnormal 
SEPT9 or no SEPT9 is expressed, and this could be a key factor in 
CRC carcinogenesis when the promoter region of the SEPT9 gene 
is hypermethylated and the transcription is compromised.

To date, more than ten independent clinical trials have proved 
the effectiveness of the assay for CRC early detection and 
screening. Most of these trials were case-control studies, 
while one screening study was performed with average-risk 
asymptomatic population. The sensitivity of the assay ranged 
from 48.2% to 95.6% in different trails, with a high specificity 
between 80.0% and 100.0% (Table 1) [5,17-27]. Apart from 
the differences in population selection, patient grouping 
and kit selection, the variation in sensitivity and specificity 
is partially due to various interpreting methods used in the 
trials. As the SEPT9 assay is intrinsically a quantitative assay, 
a dichotomized interpretation of the test results (i.e., positive 
or negative) was always needed to convert the quantitative 
data into qualitative result. This includes the setting of a 

cutoff value and the interpretation of data from multiple PCR 
reactions. This article will review the current sensitivity data 
from clinical trials performed so far, with specific focus on the 
data interpretation methods in multiple PCRs, and provide our 
recommendation for future clinical practice.

Detection of aberrant SEPT9 gene methylation in 
CRC from peripheral blood
The circulating tumor DNA (ctDNA) has been suggested as a 
specific phenomenon and a potential source of tumor markers 
for tumor early detection or screening [28-30]. The SEPT9 gene 
methylation assay aim at detecting the aberrant methylation at 
the promoter region of the SEPT9 gene DNA released from CRC 
cells into the peripheral blood. In brief, the promoter region 
of the SEPT9 gene is hypermethylated and DNA of the gene is 
released into the peripheral circulating blood from necrotic and 
apoptotic cancer cells during CRC carcinogenesis, therefore, the 
risk of CRC can be determined by detecting the degree of DNA 
methylation of the specific promoter region of the SEPT9 gene 

Number of cases Sensitivity Specificity Algorithm Kit used

309 (126 CRC, 183 control) 72% 
(90/125)

89.6% 
(164/183) 2/3 Research kit

312 (133 CRC, 179 control) 69% 
(92/133)

86% 
(154/179) 1/1 Research kit

245 (90 CRC, 155 control)

73.8%  
(138/187)

86.2% 
(282/327) 1/3

Research kit
56.1% 

(105/187)
96.6% 

(316/327) 2/3

257 (103 CRC, 154 NED) 67.0% 
(69/103)

87.7% 
(135/154) 1/2 Epi proColon 1.0

161 (33 CRC, 34 control)

82% 
(27/33)

88% 
(30/34) 1/3

Epi proColon 1.0
73% 

(24/33)
91% 

(31/34) 2/3

144 (50 CRC, 94 control)

90.0% 
(45/50)

88.0% 
(83/94) 1/3

ARUP Lab LDT assay76.0% 
(38/50)

99.1% 
(93/94) 2/3

70.0% 
(35/50)

100.0% 
(94/94) 3/3

184 (92 CRC, 92 control)

95.6% 
(88/92)

84.8% 
(78/92) 1/3

Epi proColon 2.0
79.3% 

(73/92)
99% 

(91/92) 2/3

Total 7941 (53 CRC, 1457 
AA, NAA or NED)

48.2% 
(standardised)

91.5% 
(standardised) 1/2

Epi proColon 1.0
63.9% 

(standardised)
88.4% 

(standardised) 1/3

Total 1544 (44 CRC, 1500 
AA, small polyps or NED

68.2% 
(30/44)

80.0% 
(adjusted by colonoscopy) 1/3 Epi proColon 2.0

301 (101 CRC, 200 AA, small 
polyps or NED)

73.3% 
 (74/101)

81.5%  
(163/200) 1/3 Epi proColon 2.0

58 (34 CRC, 24 NED) 88.2% 
(30/34)

91.7% 
(22/24) 2/3 Epi proColon 2.0

226 (135 CRC, 91 control) 74.8% 
(101/135)

96.7% 
(88/91) 2/3 Epi proColon 2.0

AA=Advanced Adenoma; NAA=Non-Advanced Adenoma; NED=No Evidence of Diseases.

Table 1 Sensitivity and specificity of SEPT9 gene methylation assay in CRC detection.
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in the peripheral blood [5] (Figure 1). It was shown recently that 
major changes in the methylation pattern of SEPT9_V2 transcript 
in colon adenoma and cancer tissues is confined to only one 
of the CpG islands, the CGI3 [18] (Figure 1). The SEPT9 gene 
methylation assay targets this region to specifically detect CRC 
(red-highlighted region in Figure 1). 

The assay is composed of three steps: the extraction of plasma 
DNA, the bisulfite conversion and the quantitative PCR. Firstly, 
the cell-free circulating DNA containing trace amount of SEPT9 
DNA is extracted from the peripheral blood. Samples used in this 
step include plasma and serum samples, whereas the extraction 
efficiency with plasma appears to be higher than that with serum. 
Secondly, bisulfite conversion is performed to allow further 
detection of methylation-specific changes by PCR. Unmethylated 
cytosine will be converted to uracil while methylated cytosine will 
not be converted. Finally, methylation-specific PCR is performed 
and specific probes are used to distinguish the methylated from 
unmethylated sequences. The results are presented as Ct values 
from PCR reactions and qualitative interpretation will be provided 
based on the threshold value.

Optimization of the SEPT9 assay involves multiple 
PCR reactions
Due to the presence of trace amount of methylated SEPT9 DNA in 
the peripheral blood, the detection of DNA methylation must be 
sensitive enough to distinguish tiny amount of methylated DNA 
from much higher concentration of background unmethylated 
genome DNA. This requires accurate design of methylation 
probes and optimization of the whole PCR reaction system. Since 
the amount of methylated SEPT9 DNA from 10 ml whole blood 
sample is always as low as several genome copies, multiple PCR 
reactions are performed to enhance the detection sensitivity. 
The current commercialized SEPT9 assay (e.g., Epi proColon 
2.0) performs three PCR reactions and can detect as low as 2 
genome copies of methylated SEPT9 per milliliter of plasma in 
the background of 100 ng/ml unmethylated genome DNA [24].

Three PCR reactions were chosen based on data from large 
amount of experiments during early development of the assay. 
PCR reactions more than three certainly provides better sensitivity 

when positive interpretation is given from at least one positive 
PCR reaction, however, its specificity would be low as the false 
positive rate increases with the increased number of reactions. 
The costs per assay will also increase with more consumption of 
reagents. Therefore, it was proved that three PCRs provide the 
best balance between performance and costs.

Another issue in the assay is that when three PCRs are performed, 
how the positive or negative interpretation can be decided. 
One, two or three positive PCR results are always observed 
when three PCR reactions are performed in parallel. The current 
commercialized assay (e.g., Epi proColon 2.0) interprets a positive 
result from at least two positive PCR reactions, and interprets a 
negative result from at least two negative PCR reactions. This 
leads to a 2 out of 3 (2/3) algorithm when interpreting the data. 
The reason that 2/3 algorithm was chosen is discussed in the next 
section.

The SEPT9 assay is sensitive for all stages of CRC 
regardless of algorithm
Table 1 shows the sensitivity and specificity of major clinical 
trials performed so far with SEPT9 gene methylation assay in 
CRC detection. Most of the trials were case-control or cohort 
trials while only one was a screening trial [23]. A big variation 
in sensitivity from 48.2% to 95.6% can be observed among the 
assays with different algorithm, while the specificity (80%-100%) 
remained high regardless of the variation in sensitivity.

One out of three (1/3) and two out of three (2/3) were the two 
most common algorithms among the trials, although one out of 
two (1/2) and one out of one (1/1) were also observed in a couple 
of trials. The sensitivity data from case-control trials with the two 
most common algorithms is presented in (Table 2) (the screening 
trial was excluded from this analysis due to different trial settings 
[23,24]), and the overall sensitivity from each algorithm is 
calculated from the pooled data and compared in Figure 2(A). 
It can be seen that the sensitivity from the 1/3 algorithm was 
significantly higher (χ2=14.47, p<0.001) while the specificity from 
the 1/3 algorithm was significantly lower (χ2=47.35, p<0.001) than 
that from the 2/3 algorithm. This is a typical shift of sensitivity 
and specificity when algorithm is changed from 1/3 to 2/3. 1/3 

Figure 1 Scheme of SEPT9_V2 transcript including alternative splicing of exons 1γ and exons 3-12. The asterisk represents the stop codon. Non-
coding regions are indicated by open boxes and common coding open reading frames (ORF) are indicated by filled boxes. The Septin9 
biomarker region and the start codon AUG are shown as indicated.
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AA=Advanced Adenoma; NAA=Non-Advanced Adenoma; NED=No Evidence of Diseases.

Number of cases
1/3 algorithm 2/3 algorithm

Sensitivity Specificity Sensitivity Specificity 

309 (126 CRC, 183 control) 72% 
(90/125)

89.6% 
(164/183)

245 (90 CRC, 155 control)

73.8%  
(138/187)

86.2% 
(282/327)

56.1% 
(105/187)

96.6% 
(316/327)

161 (33 CRC, 34 control)

82% 
(27/33)

88% 
(30/34)

73% 
(24/33)

91% 
(31/34)

144 (50 CRC, 94 control)

90.0% 
(45/50)

88.0% 
(83/94)

76.0% 
(38/50)

99.1% 
(93/94)

184 (92 CRC, 92 control)

95.6% 
(88/92)

84.8% 
(78/92)

79.3% 
(73/92)

99% 
(91/92)

301 (101 CRC, 200 AA, small 
polyps or NED)

73.3% 
 (74/101)

81.5%  
(163/200)

58 (34 CRC, 24 NED) 88.2% 
(30/34)

91.7% 
(22/24)

226 (135 CRC, 91 control) 74.8% 
(101/135)

96.7% 
(88/91)

80.3% 
(372/463)

85.1% 
(636/747)

70.3% 
(461/656)

95.3% 
(805/845)

Table 2 Sensitivity and specificity in case-control studies when 1/3 or 2/3 algorithm was applied.

 
Figure 2 Comparison of sensitivity and specificity between the 1/3 and 2/3 algorithm. In (A), the overall pooled sensitivity and specificity 

were shown and compared, and very highly significant differences were found between the 1/3 and 2/3 algorithm. The positive 
detection rate of every CRC stage was compared in (B), and significant differences were observed in Stage I, II and IV.
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1/3 algorithm 2/3 algorithm

I II III IV I II III IV

50.0% 
(11/22)

69.4% 
(25/36)

79% 
(42/53)

91% 
(10/11)

52.6% 
(10/19)

75.0% 
(30/40)

77.8% 
(21/27)

100.0% 
(4/4)

26.3% 
(5/19)

60.0% 
(24/40)

66.7% 
(18/27)

75.0% 
(3/4)

71.4% 
(5/7)

90.3% 
(28/31)

100.0% 
(7/7)

100% 
(5/5)

84.0% 
(21/25)

100.0% 
(14/14)

100.0% 
(35/35)

100.0% 
(18/18)

60.0% 
(15/25)

92.8% 
(13/14)

81.6% 
(31/35)

77.8% 
(14/18)

61.5% 
(16/26)

80.0% 
(16/20)

65.2% 
(15/23)

92.3% 
(12/13)

66.7% 
(12/18)

82.6% 
(19/23)

84.1% 
(37/44)

100.0% 
(5/5)

Overall 67.5% 
(52/77)

83.8% 
(88/105)

84.8% 
(78/92)

97.5% 
(39/40)

51.2% 
(43/84)

71.7% 
(81/113)

80.5% 
(128/159)

84.2% 
(32/38)

Table 3 Positive detection rate of all CRC stages when 1/3 or 2/3 algorithm was applied.

Positive detection rate
algorithmNormal control Adenoma

NAA AA
8.8% (3/34) 7.7% (1/13) 17.4% (4/23) 2/3

5.7% (3/53) 11.8% (11/93) 9.1% (1/11) 2/3

8.6% (80/934) 7.7% (16/209) 9.6% (30/314) 1/2

21.8% (97/444) N/A 21.6% (134/621) 1/3

3.3% (3/91) 14.1% (12/85) 27.4% (23/84) 2/3
NAA=Non-Advanced Adenoma; AA=Advanced Adenoma.

Table 4 The positive detection rate of SEPT9 assay in normal control and adenoma.

algorithm led to higher sensitivity while it increased the false 
positive rate and therefore reduced the specificity. In contrast, 
2/3 algorithm ensured high specificity at the price of sacrificing 
sensitivity. 

The data of positive detection rate for each CRC stage exhibited the 
same trend as the overall sensitivity. Table 3 shows the individual 
and overall positive detection rate for each CRC stage from case-
control studies. The overall positive detection rate of stage I 
(χ2=4.44,p=0.035), II (χ2=4.59,p=0.032) and IV (χ2=4.21,p=0.040) 
in 1/3 algorithm was significantly higher than that from the 2/3 
algorithm (Table 3 and Figure 2(B)). This comparison proves 
that 1/3 algorithm exhibits higher sensitivity in detecting CRC 
in almost every stage. It can also be observed from Figure 2(B) 

that the SEPT9 assay was more sensitive to higher-stage CRC than 
lower-stage CRC, and there is a trend that the positive detection 
rate increased as the stage elevated.

The SEPT9 assay may not be sensitive enough for 
adenoma detection
(Table 4) shows the positive detection rate of the SEPT9 assay in 
normal control and in adenoma [21-24,27]. It can be clearly seen 
that the positive detection rate of adenoma was much lower 
than that of CRC, no matter what algorithm was applied in each 
trial. Statistical analysis shows that significant changes in positive 
detection rate between normal control and adenoma can only be 
found in the report by Jin and colleagues [27], while no significant 
difference was found in other trials [21-24]. This suggests that 
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the SEPT9 assay may not be sensitive enough as an indicator 
for adenoma. In Jin’s report, both NAA (χ2=6.60, p=0.010) and 
AA (χ2=20.03, p<0.001) exhibited significantly higher positive 
detection rate than the normal control. As this trial is the only 
one performed so far in Chinese population using Epi proColon 
2.0 [27], whether or not the significant change is due to ethic 
difference still needs further investigation. Furthermore, a 
variation in the positive detection rate in normal controls among 
the trials can also be observed. The selection of control population 
could affect the positive detection rate, as we observed a trend 
that elder population may exhibit higher positivity rate than 
younger population.

It is obvious from the above discussion that 1/3 algorithm 
exhibited high sensitivity with low specificity, while the 2/3 
algorithm exhibited lower sensitivity but higher specificity. The 
selection of algorithm is based on the purpose of examination 
using the SEPT9 assay. Currently, the SEPT9 assay is used in CRC 
early detection and screening. For early detection purpose in a 
CRC high-risk population, the exclusion of non-CRC patients may 
overweight the detection of all CRC patients, and specificity may 
therefore be more important than sensitivity in this situation, and 
2/3 algorithm would be selected as the interpretation method. 
In contrast, for screening in average-risk population, detection 
of as many potential CRC patients as possible is more important 
than excluding non-CRC subjects, and therefore 1/3 algorithm 
should be applied. This recommendation is consistent with the 
actual applications of the commercialized SEPT9 assay. The Epi 

proColon 2.0 assay with 2/3 algorithm is current recommended 
as an auxiliary diagnosis complementary to colonoscopy in high-
risk population [5,19,21,22,26,27]. In contrast, 1/3 algorithm was 
applied in the PRESEPT study, the first screening study in average-
risk population, aiming at identifying CRC and precancerous 
lesions [23,24].

Conclusions
The SEPT9 assay has exhibited excellent performance in CRC early 
detection and screening. Selection of interpretation methods 
affects the sensitivity and specificity of the assay. 1/3 algorithm 
for CRC screening and 2/3 algorithm for early detection are 
recommended for the assay.
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