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Abstract.

BACKGROUND: The applications of the SEPT9 assay are expanding from CRC early diagnosis to screening, therapeutic effect
monitoring and prognosis prediction. Its performance in these areas has not been thoroughly examined.

OBJECTIVE: We aim to evaluate the performance of the SEPT9 assay in CRC screening, diagnosis and therapy by reviewing
the current data published in these aspects.

METHODS: The Ovid MEDLINE ,EMBASE, CBMdisc (China Biology Medicine disc) and CJFD (Chinese Journal Full — text
Database) database were searched for potential reports on the assay performance. Letters, reviews, meta-analysis and guidelines,
basic research studies and articles irrelevant to mSEPT9 detection assays were excluded. Finally, data from 19 studies was
summarized and systematically reviewed to clarify the assay performance.

RESULTS: 2/3 algorithm provided the best overall performance in diagnosis and screening, while the 1/3 algorithm exhibited
the best sensitivity in screening. The combination of SEPT9 assay with FIT and/or CEA enhanced the CRC detection rate in
screening. The SEPTY assay appeared to be effective in monitoring the therapeutic effect and may potentially predict the CRC
recurrence and survival.

CONCLUSION: The SEPT9 assay exhibited satisfactory performance in CRC diagnosis and screening, while more evidence is
needed for therapeutic effect monitoring and prognosis prediction.
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1. Introduction morbidity and mortality [1]. There are several methods
currently available for CRC screening. The U.S. Pre-
ventive Services Task Force (USPSTF) recently listed
the gFOBT (guaiac-based fecal occult blood test), FIT
(fecal immunochemical test), FIT-DNA (multitargeted
stool DNA), SEPT9 tests and the direct visualiza-
tion tests (colonoscopy, CT colonoscopy and sigmoi-
doscopy) as the current CRC screening strategies [2].
The blood-based SEPT9 assay was designed to de-

tect aberrant hypermethylation at the promoter region

Colorectal cancer (CRC) has become the 3*4 leading
cause of new cancer cases in the world. Regular screen-
ing has been proved to be an effective method to reduce
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of the SEPT9 gene V2 transcript. The development of
the assay is based on the theory that DNA released
from necrotic and apoptotic CRC cells into the periph-
eral blood (i.e. the circulating tumor DNA, or ctDNA)
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Fig. 1. Four applications of the SEPT9 gene methylation assay. The
assay has been used in CRC screening and early diagnosis, while it
can potentially be used in monitoring therapeutic effect and predict-
ing CRC prognosis. Description for each application is provided in
each individual panel.

can be detected by multiple qRT-PCR method [3-5].
The risk of CRC can be determined by detecting the
degree of DNA methylation of the specific region of
the SEPT9 gene from the peripheral blood [6].

The blood-based SEPTY assay was developed in
2008, initially aiming at early detection of CRC for pa-
tients who have low compliance with other CRC de-
tection methods, such as colonoscopy [3.4]. The as-
say was later improved and commercialized as a Euro-
pean union approved product for CRC early detection.
Large-scale randomized clinical trial aiming at the US
FDA approval was later performed to extend its appli-
cation to CRC screening. The FDA approved Epi pro-
Colon (Epigenomics, Inc) as the first blood-based CRC
screening test for average-risk population from 50 to
75 years old in April, 2016, based on the clinical trial
data involving nearly 8000 subjects [7].

Apart from CRC screening and early detection for
diagnostic purpose, the assay has also been used in
opportunistic screening (Fig. 1). A recent publication
from four Chinese hospitals reported the use of the as-
say in screening of outpatients and inpatients [8]. Due
to the higher risk of CRC occurrence in hospital pa-
tients, the positivity rate in this opportunistic screening
was higher than that in average-risk population. The
assay was proved to be effective to identify the high-
risk subjects in hospital population. Moreover, a cou-
ple of recent reports suggested that the SEPT9 methy-
lation could be an indicator for post-surgery therapeu-
tic effect, and could be used in monitoring CRC re-
currence [9]. It may also be a predictor for the ef-
fect of chemo- and radiotherapy and long-term survival
rate [10] (Fig. 1). These observations suggest great
potentials in application extension for the SEPT9 as-
say. Since there has been no systematic review on the

performance of the SEPT9 assay in CRC diagnosis,
screening, opportunistic screening, therapeutic effect
monitoring and prognosis prediction, we will provide
an overview on the current applications of the SEPT9
assay in the above aspects, with specific focuses on
CRC screening and early detection for diagnostic pur-
pose.

2. The application of SEPT9 assay in CRC early
diagnosis

The application of an assay in early diagnosis nor-
mally means that a test can be used as a supplemen-
tary or subsidiary method to confirmatory diagnostic
method or the ‘gold standard’ in diagnosis, and can be
used to enhance the early diagnostic rate or positive
detection rate. The application of an assay in screen-
ing means that a test can be used independently as a
method for identifying high-risk individuals for cer-
tain diseases in population-based screening activities,
while confirmatory diagnosis is normally required fol-
lowing the screening. There are currently 19 studies
investigating the performance of the SEPT9 assay at
various settings, and most studies performed so far are
case-control or cohort studies, except the PRESEPT
study [7,11] and the RESEPT study [8], which were
screening studies in average-risk and high-risk popula-
tion, respectively (Table 1). The Ovid MEDLINE ,EM-
BASE, CBMdisc (China Biology Medicine disc) and
CJFD (Chinese Journal Full-text Database) database
were searched using the key words ‘SEPT9’, or ‘septin
9°, and ‘colorectal cancer’ or ‘colorectal carcinoma’
to identify all relevant studies. A total of 174 studies
were identified from the above database. In the initial
screening, a total of 104 articles, including letters, re-
views, meta-analysis, guidelines, basic research stud-
ies, articles irrelevant to mSEPTO detection assays and
articles published earlier than 2008 (the first study on
the development of the SEPT9 assay was published in
2008) were excluded. In the second screening, a further
51 articles were excluded, including studies that were
not using plasma or serum samples, or those not detect-
ing gene methylation, or those not having statistically
significant number cases, and 19 studies were finally
included in the quantitative synthesis for this review.

The test sensitivity, specificity, algorithm, and kit
used in each study, were compared in Table 1. The
studies are categorized and highlighted by algorithm
used for data interpretation. The sensitivity and speci-
ficity of the cohort or case-control study were affected
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Table 1
Sensitivity and specificity of the blood-based SEPT9 gene methylation assay in CRC detection or screening with various algorithm
Publications Number of cases Sensitivity Specificity Algorithm  Kit used
Potter et al., 2014 [11] Total 1544 (44 CRC, 1500 advanced 68.2% 80.0% 1/3 Epi proColon 2.0
adenoma, small polyps or no evidence (30/44) (1200/1500)
of diseases
Johnson et al., 2014 [12] 301 (101 CRC, 200 advanced adenoma, 73.3% 81.5% 1/3 Epi proColon 2.0
small polyps or no evidence of dis- (74/101) (163/200)
eases)
Grutzmann et al., 2008 [4] 309 (126 CRC, 183 control) 72% 89.6% 2/3 Research kit
(90/125) (164/183)
Toth et al., 2014 [13] 58 (34 CRC, 24 no evidence of dis- 88.2% 91.7% 2/3 Epi proColon 2.0
eases) (30/34) (22/24)
Kang et al., 2014 [14] 132 (80 CRC, 52 NED) 75.0% 98.1% 2/3 Epi proColon 2.0
(60/80) (51/52)
He et al., 2014 [15] 298 (79 CRC, 73 Polyps, 146 NED) 71.1% 95.6% 2/3 Epi proColon 2.0
(54/76) (196/205)
Jin et al., 2015 [16] 226 (135 CRC, 91 control) 74.8% 96.7% 2/3 Epi proColon 2.0
(101/135) (88/91)
Yu et al., 2015 [17] 123 (70 CRC, 53 NED) 81.4% 86.8% 2/3 Epi proColon 2.0
(57/70) (46/53)
deVos et al., 2009 [18] 245 (90 CRC, 155 control) 73.8% 86.2% 1/3 Research kit
(138/187) (282/327)
56.1% 96.6% 2/3
(105/187) (316/327)
Tanzer et al., 2010 [19] 161 (33 CRC, 34 control) 82% 88% 1/3 Epi proColon 1.0
(27/33) (30/34)
73% 91% 2/3
(24/33) (31/34)
Warren et al., 2011 [20] 144 (50 CRC, 94 control) 90.0% 88.0% 1/3 ARUP Lab LDT
(45/50) (83/94) assay
76.0% 99.1% 2/3
(38/50) (93/94)
Toth et al., 2012 [6] 184 (92 CRC, 92 control) 95.6% 84.8% 1/3 Epi proColon 2.0
(88/92) (78/92)
79.3% 99% 2/3
(73/92) (91/92)
Lofton-Day et al., 2008 [3] 312 (133 CRC, 179 control) 69% 86% 1711 Research kit
(92/133) (154/179)
He et al., 2010 [21] 252 (182 CRC, 170 NED) 74.7% 96.5% 171 research kit
(136/182) (164/170)
Wang et al., 2012 [22] 56 (36 CRC, 20 control) 69.4% 90.0% 1711 research kit
(25/36) (18/20)
Wau et al., 2016 [8] 1031(291 CRC, 295 NED 76.6% 95.9% 171 SensiColon
(223/291) (283/295)
Weiss and Rosch, 2010 [23] 257 (103 CRC, 154 no evidence of dis- 67.0% 87.7% 12 Epi proColon 1.0
eases) (69/103) (135/154)
Liu et al., 2013 [24] 57 (37 CRC, 20 control) 54.1% 90.0% 12 research kit
(20/37) (18/20)
Church et al., 2014 [7] Total 7941 (53 CRC, 1457 advanced 48.2% 91.5% 12 Epi proColon 1.0
adenomas, non-advanced adenomas or  (27/53) (1333/1457)

no evidence of diseases)

CRC = colorectal cancer, NED = no evidence of diseases.

by study design, population choice, selection of cases,
choice of kits and algorithm, etc. The sensitivity of
these studies varied between 54.1% and 95.6%, with
specificity at 81.5%—-99.1% (Table 1). The effect of dif-
ferent algorithm can be observed in studies with mul-
tiple algorithms applied. The positive test results were
determined by one positive count out of three PCRs

(1/3 algorithm), one positive count out of two PCRs
(1/2 algorithm), two positive counts out of three PCRs
(2/3 algorithm), or one positive count out of one PCR
(1/1 algorithm).

In order to compare the performance of SEPT9 as-
say at various algorithms, study data from each algo-
rithm were pooled and the sSROC curves were plotted
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Fig. 2. sROC curves, sensitivity, specificity and the stage-dependent PDR for 1/3, 2/3, 1/2 and 1/1 algorithms in CRC detection. The sSROC
curves for the four algorithms are shown in panel (A). Circles, diamonds, squares and triangles represent the optimal points for sensitivity
against specificity for individual studies for 1/3, 2/3, 1/2 and 1/1 algorithms, respectively, and the sSROC curve for each algorithm was plotted.
The estimated overall sensitivity and specificity for the four algorithms was compared in panel (B), with the scale bars representing the 95%
CI. The sensitivity for each CRC stage at each algorithm was plotted and compared in panel (C). McNemars’s test was performed to compare
the sensitivity and specificity from various algorithms, and the significant differences were labeled on panel (B). “*’**  and “***’ represent
significant (p < 0.05), highly significant (p < 0.01) and very highly significant (p < 0.001) differences.

to compare the performance (Fig. 2A). The sensitiv-
ity and specificity from each algorithm were also an-
alyzed and compared (Fig. 2B). It can be seen from
panel A that 2/3 algorithm exhibited the highest area
under the curve (AUC), followed by 1/1 and 1/3 al-
gorithm, while 1/2 had lower AUC than other algo-
rithms (Fig. 2A). However, AUC may not be an ap-
propriate indicator for performance here, as the points
in panel A seem to be quite scattered at random, and
the number of points were low (only three) for 1/1 and
1/2 algorithms. Therefore, the sensitivity and speci-
ficity were compared directly to evaluate the test per-
formance. As shown in panel B, 1/3 algorithm exhib-
ited significantly higher sensitivity (0.80) with signifi-
cantly lower specificity (0.85) than all the other algo-
rithms, while 2/3 algorithm exhibited the highest speci-
ficity (0.95). The sensitivity and specificity of 2/3 and

1/1 algorithm were very similar (sensitivity: 0.74 vs
0.73, specificity: 0.95 vs 0.93). 1/2 algorithm exhibited
the lowest sensitivity (0.59) with acceptable specificity
(0.91) (Fig. 2B). It can be observed that the 2/3 algo-
rithm provided the best overall performance while the
1/3 algorithm exhibited the best sensitivity.

Although SEPT9 assay exhibited adequate sensitiv-
ity and specificity in detecting CRC, the ability of de-
tecting early-stage CRC is more important for CRC
early diagnosis and intervention. The positive detec-
tion rate (PDR) at each stage was pooled and analyzed,
as shown in Fig. 2C. It is clear that the detection rate
increases with the escalation of clinical stage, indicat-
ing a correlation between SEPT9 methylation and the
degree of malignancy. Furthermore, the algorithm also
exhibited a clear effect on the PDR for every stage, and
algorithm can be ranked as 1/3 > 2/3 > 1/1 > 1/2 from
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highest to lowest. It is notable that the detection rate
for stage I and II reached 67.5% and 83.8%, respec-
tively, at 1/3 algorithm, and the SEPT9 assay with 2/3
or 1/1 algorithm detected approximately half of stage I
and 70% of stage II CRC, respectively (Fig. 2C), rep-
resenting a high PDR for early-stage CRC. It is obvi-
ous that algorithms with high PDR should be adopted
in CRC screening, while false positive detection may
increase with higher PDR algorithms. In brief, these
data clearly show that the SEPT9 assay is effective for
early stage CRC detection.

Since the SEPT9 assay was designed for detect-
ing trace amount of methylated SEPT9 gene copies
in strong background of unmethylated SEPT9 DNA,
most studies performed multiple PCRs to enhance test
sensitivity. Due to the application of different algo-
rithms in data analysis, sensitivity and specificity vary
with different methods of interpretation. The choice
of algorithms is based on the specific needs in a test.
If the priority is to exclude healthy negative popula-
tion, such as that in an early detection test for diag-
nostic purpose, the algorithm with highest specificity
should be used, however, if the priority is to identify
as many real patients as possible to enhance the dis-
ease detection rate, such as that in a screening test, the
algorithm with highest sensitivity should be used. The
problem of high false positive rate in a screening test
can be overcome by further diagnostic examinations,
while the high missed diagnosis rate in a diagnostic test
can be avoided by routine screening programs.

3. CRC screening with the SEPT9 assay

The PRESEPT study is the only screening study so
far performed in average-risk asymptomatic popula-
tion [7]. SEPT9 assay detected 48.2% CRC, with 35%
stage I, 63% stage II, 46% stage III and 77.4% stage
IV. The sensitivity reported (48.2%) using 1/2 algo-
rithm was apparently lower than those reported in pre-
vious cohort or case-control studies. This could be ex-
plained from the following aspects. Firstly, duplicate
PCR reactions, instead of triplicate PCRs, were applied
in this study. Therefore, the chance to detect abnor-
mally methylated SEPT9 DNA was lower for duplicate
PCRs than those previous studies performing triplicate
PCRs. Potter and colleagues [11] later performed trip-
licate PCRs using samples from the same study. The
sensitivity increased to 68.2% and the specificity de-
creased to 80.0%. The US FDA approved the commer-
cialized SEPT9 assay based on the data from the PRE-

SEPT study with 1/3 algorithm [7]. Secondly, CRC pa-
tients found in the asymptomatic population are more
likely to be those with early-stage CRC. As the PDR in
early-stage CRC appeared to be lower than the overall
PDR from all stages, the sensitivity from the asymp-
tomatic population tends to be lower than those with
symptomatic population.

Apart from the screening in average-risk popula-
tion, the SEPT9 assay was also used in the opportunis-
tic screening for high-risk population. Opportunistic
screening refers to the screening of patients who are in
contact with health care providers in the hospital envi-
ronment. Patients involved in opportunistic screening
include outpatients and inpatients. Since patients com-
ing to hospitals may have symptoms that drive them to
see a doctor, they normally represent a higher-risk pop-
ulation. Therefore, opportunistic screening may exhibit
a higher positivity rate than that of the average-risk
population. A recent study reported that the SEPT9 as-
say exhibited a sensitivity of 76.6% with a specificity
of 95.9% at a positivity rate of 25.8% in an opportunis-
tic screening performed in four northern Chinese hos-
pitals (RESEPT study) [8]. This study recruited a to-
tal of 1031 subjects, including 291 CRC patients, 445
patients of other gastrointestinal disease or other can-
cer, and 295 subjects with no evidence of diseases.
The SEPT9 assay exhibited an adequate sensitivity for
early-stage CRC (PDR of 64.9% for stage I and 72.7%
for stage II) and was therefore proved to be effective
for CRC screening. The low positive detection rate in
non-CRC diseases and normal subjects ensured ade-
quate specificity.

4. Monitoring the CRC therapeutic effects by
SEPT9 assay

Apart from the application in early detection and
screening of CRC, SEPT9 assay has exhibited the po-
tential for CRC therapeutic effect evaluation and re-
currence follow-up. In one study, the plasma SEPT9
methylation level of 9 CRC patients who received cu-
rative radical surgery was measured before and af-
ter surgery. It showed that the SEPT9 methylation be-
came negative for 8 patients (88.9%) 118 days after
surgery on average, while positivity was regained in
patients with CRC recurrence [9]. Furthermore, pa-
tients with positive methylated SEPT9 result had a ten-
dency of developing distant metastasis and exhibited
lower disease-free survival [9]. More recently, we per-
formed the SEPT9 assay with samples from 8 patients
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with negative CEA and CA199 tests, and 5 of them
exhibited positive SEPTO results, and all of them ex-
hibited negative results in SEPT9 assay after surgery
(unpublished data). We further found that the level of
plasma SEPT9 methylation decreased after two cycles
of chemotherapy (unpublished data), which was con-
sistent with the indicators of therapeutic effects eval-
uated by other examinations, such as CEA or CT. It
can be suggested that the SEPT9 methylation level
is closely correlated with the development of CRC,
and SEPT9 methylation could be used as a predictive
marker for monitoring therapeutic effect.

5. Prediction of CRC prognosis by SEPT9 assay

The SEPT9 assay has also exhibited the potential for
survival prediction. Tham and colleagues performed
five-year prospective cohort study including 150 stage
[-IIT CRC patients who received surgery and subse-
quent chemo- or radiotherapy [10]. It showed that high
serum methylation levels of SEPT9 at 1-year follow-
up were independent predictors for tumor recurrence
and unfavorable cancer-specific survival. SEPT9 at 1-
year follow-up exhibited earlier detection of poten-
tial recurrences compared with concurrent serum CEA,
and the level of SEPT9 methylation in serum can be a
predictive marker for CRC development and progno-
sis [10]. It would be intriguing if a model can be es-
tablished to predict the recurrence, metastasis and sur-
vival. Repeated invasive biopsies and radiative exami-
nations may be avoided.

6. Combination of multiple methods in CRC
screening and early diagnosis

Combination of multiple markers or methods has be-
come a trend in cancer detection and screening. There
are two studies so far combining the SEPT9 assay with
FIT and/or CEA in CRC detection. One study reported
by Jin and colleagues [16] showed that SEPT9 assay
alone detected 76.8% of CRC, and FIT alone detected
58.0% of CRC, while the combination of SEPT9 as-
say and FIT detected 94.2% of CRC, with the speci-
ficity for the combination at 92.6%. This study sug-
gested that the combination of SEPT9 and FIT assays
significantly enhanced the sensitivity of CRC detec-
tion compared with any assay alone. In another very
recent report [8], SEPT9 assay alone, FIT test alone,
or CEA alone showed a sensitivity of 77.0%, 74.6%
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Fig. 3. Comparison of the sensitivity of CEA, FIT, SEPT9 and var-
ious combinations of the three markers in CRC detection. Data was
pooled from two studies involving the combined detection of CRC
using multiple markers. McNemars’s test was performed to compare
the sensitivity and specificity from various algorithms, and the sig-
nificant differences were labeled. “*’,***’ and “***’ represent sig-
nificant (p < 0.05), highly significant (p < 0.01) and very highly
significant (p < 0.001) differences.

and 41.3%, respectively. The combination of SEPT9 +
FIT (x? = 10.68, P < 0.001), SEPT9 + CEA (x? =
6.89, P < 0.01) or SEPT9 + FIT + CEA (x? =
14.82, P < 0.001) showed significantly higher sensi-
tivity than SEPT9 alone. Although SEPT9 assay alone
can achieve an adequate sensitivity for CRC detection
(77.0%), the combination of SEPT9 + FIT (94.4%) or
SEPT9 + FIT + CEA exhibited significantly higher
sensitivity (97.2%) in CRC detection. Screening com-
bining multiple markers should be a future strategy to
enhance the detection rate.

Here we pooled the data from these reports together
and compared the sensitivity of various markers and
their combinations in CRC detection (Fig. 3). SEPT9
alone exhibited significantly better sensitivity (77.0%)
than FIT (66.4%, p < 0.05) or CEA (41.3%, p <
0.001) alone in the analysis. For combination of two
markers, SEPT9 + FIT (94.3%) exhibited better sen-
sitivity than SEPT + CEA (86.4%, p < 0.05) or FIT
+ CEA (84.5%, p < 0.05), while combination of the
three markers (SEPT9 + FIT + CEA) showed the best
sensitivity (97.2%). It should be noticed that the sen-
sitivity is enhanced with the number of markers in-
creases, but the specificity may be decreased due to ac-
cumulation of false positive cases from each marker,
therefore, the specificity of these combinations should
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be further examined. The best combination may be the
one that best balances the sensitivity and specificity.

7. Limitations of the reviewed studies and the
SEPT9 gene methylation assay

Since the SEPT9 gene methylation assay detects
trace amount of aberrantly methylated DNA of the
SEPT9 gene promoter region from peripheral blood,
there are some limitations of the assay. First, the detec-
tion rate is dependent on two factors, the level of aber-
rant methylation in colorectal tissues and the amount
of DNA that can be released into peripheral blood. Ev-
idence has shown that the targeted region of the SEPT9
gene is nearly 100% methylated at adenoma and CRC
stage [25], and this ensures that the methylation level in
tissues is applicable for a methylation assay. The detec-
tion rate of the assay is then dependent on the amount
of circulating tumor DNA (ctDNA), and it is related
to the tumor cell turnover rate. When tumor growth,
necrosis and apoptosis are active, the cell turnover rate
will be high, and there will be more DNA released into
blood, and vice versa. Therefore, the level of ctDNA
varies individually and distributes widely in a popula-
tion. Secondly, the detection of single-digit number of
aberrantly methylated DNA copies is still challenging
for a PCR assay. The Ct values normally falls into the
non-linear region of the standard curve at this DNA
level, and therefore exhibited huge random variation if
the test is repeated. This brings the uncertainty of de-
tection results when the concentration of the targeted
DNA is very low, especially for subjects with adenoma
or early-stage CRC. Thirdly, the detection rate of the
SEPT9 assay is in positive correlation with the degree
of malignancy, which means it detects higher ratio of
later stage CRC than early stage CRC, and the PDR for
adenoma is low. This limits the capability of the assay
in detecting precancerous lesions and early stage CRC.

There are also limitations for studies reviewed in the
article. First, most studies are cohort or case-control
studies that focused on the assay performance in cer-
tain groups of subjects, while only two screening stud-
ies investigating its performance in population [7,8].
Therefore, more evidence is still needed to evaluate the
assay performance in screening setting. Secondly, the
sensitivity and specificity in screening appeared to be
lower than that of FIT and fecal DNA tests, which did
not support the replacement of stool-based tests, how-
ever, the blood assay exhibited higher compliance than
stool based tests, which supports its use in mass pop-

ulation screening [26]. Thirdly, the use of different al-
gorithms in the reviewed studies leads to difficulties in
comparing the test performance, as algorithms greatly
affect the detection rate for various diseases. Ideally,
all studies should be compared at the same algorithm.

8. Conclusions

The SEPT9 assay has exhibited adequate sensitiv-
ity and specificity in CRC screening and early detec-
tion for diagnostic purpose, and has great potential in
therapeutic effect and recurrence monitoring and pre-
diction of CRC prognosis. Combined test with multi-
ple biomarkers including SEPT9 methylation may be a
future option to enhance CRC screening performance
and compliance, and to enhance the early diagnosis
rate. More studies still need to be performed before the
SEPT9 assay becomes a prognostic marker and thera-
peutic marker.
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