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Abstract

Background and objective: Stool DNA (sDNA) test is a
brand-new approach for colorectal cancer screening.
Compared to previous screening methods (colonoscopy,
Flexible sigmoidoscopy, Guaiac fecal occult blood test, and
Fecal Immunochemical Test), sDNA performs better in
clinical utility, mortality, and adverse events due to the
non-invasive property. There is no study before that
considers clinical performances and patient’s utilities
comprehensively to compare the available screening
methods.

Methods: This study built a complete decision tree for
colon cancer screening choices, and analyzed the decision
question based on parameters of clinical performances,
patients’ utilities, and adverse events.

Results: The decision tree shows sDNA has the highest
integrated utility, 0.6024. The gFOBT provides second best
integrated utility of 0.5509; the utility of FIT is 0.4812,
followed by 0.4222 for colonoscopy and 0.1915 for FSIG. If
the integrated utilities above be modified by participation
rate of each approach, colonoscopy provides integrated
utility of 0.3631, higher than 0.292 for gFOBT and 0.255
for FIT. The FSIG still performs worst, with a modified
integrated utility at 0.0747. The sDNA will have the
highest integrated utility if the hypothetical participation
rate is higher than 60.3%.

Conclusion: This study provided clinical evidence that
sDNA has highest integrated utility for people in screening
program and thus should be recommended to average-
risk population.

Keywords: Colon cancer; Endoscopy; Fecal occult blood
test; Decision analysis; Stool DNA test; Genetic testing

Clinical Practice Points

What is already known about this subject?
Colonoscopy has the highest sensitivity and specificity to

detect cancer, precancerous lesions, and non-advanced
adenoma in colon cancer screening as a gold standard. Stool
DNA test provides higher sensitivity and specificity than FIT.
We also know the probability of adverse events for
colonoscopy and FSIG.

What are the new findings?
The sDNA has the highest integrated utility for patients,

based on sensitivity, specificity, patients’ utility, probability of
adverse events, and mortality. If we modify the integrated
utility with participation rate and the participation rate of
sDNA is higher than 60.3%, sDNA will still have the highest
integrated utility than other approaches.

How might it impact on clinical practice in the
foreseeable future?

Based on the evidence from this study, the sDNA should be
recommended to average-risk population as a regular
approach for colon cancer screening, in order to derive higher
integrated utility and thus replace previous invasive
approaches.

Background
Colorectal cancer, also known as colon cancer, rectal cancer,

bowel cancer or colorectal adenocarcinoma, is a neoplastic
problem in colon or rectum, or in the appendix. Typical
symptoms of colorectal cancer include rectal bleeding, anemia,
weight loss and changes in bowel habits. Colorectal cancer is
the third most common cancer in the world; approximately
60% cases were diagnosed in developed countries. It is
estimated that worldwide 1.23 million new cases of colorectal
cancer were clinically diagnosed, and 608,000 people died of
this type of cancer in 2008 [1].

Common risk factors of colorectal cancer are increasing age,
male gender [2], high intake of fat, alcohol or red meat,
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obesity, smoking and a lack of physical exercise [3]. Only a
small proportion of colon cancer cases, approximately
5%-25%, are due to genetic risk [3].

The risk of colon cancer increases sharply since age of 50
[4]. Regular colon cancer screening, starting from 50 until 75,
is an effective way decreasing the chance of dying from this
neoplastic disease, and thus highly recommended by health
care provider in developed countries [5]. Currently regular
screening approaches are colonoscopy and sigmoidoscopy.

According to national comprehensive cancer network
(NCCN) colon cancer guideline, “average risk” group for colon
cancer should take regular colon cancer screening program
every 5 years or 10 years, with accordance with detailed
requirements in different countries. We could summarize the
decision options as follows.

Decision options
The NCCN "Guidelines for Colon Cancer Screening"

recommends, beginning at age 50, both men and women
should follow one of these testing schedules for screening to
find colon polyps and cancer [6]:

• Colonoscopy (COL)
• Flexible sigmoidoscopy (FSIG)
• Guaiac fecal occult blood test (gFOBT), and
• Fecal immunochemical test (FIT), also called

immunochemical fecal occult blood test (iFOBT)

According to recommendations made by American College
of Gastroenterology Guidelines, people have two more
traditional options for entire colon examination.

• Air contrast barium enema (ACBE), and
• Computed tomographic colonography (CTC)

However, these two approaches are dominated by COL [7].
Thus, we only take COL into consideration among three entire-
colon-examination methods (COL, ACBE and CTC), as an option
for decision analysis on screening approaches.

Besides, with the development of health testing technology,
patients now have one more choice, a brand-new testing for
colon cancer [8]:

• Stool DNA testing for colon cancer (sDNA)

Patients may know little about these available options on
their efficacy and burden. Thus all the approaches in
consideration will be introduced in the following, which serve
as background information for decision analysis for colon
cancer screening.

The most common approach is colonoscopy. It is the
endoscopic examination of the large bowel and the distal part
of the small bowel with a CCD camera or a fibre optic camera
on a flexible tube passed through the anus [9]. A colonoscopy
allows an examination of the entire colon (1200–1500 mm in
length). It can provide a visual diagnosis for ulceration and
polyps, and opportunities to remove polyps and suspected
colorectal cancer lesions. Once polyps are removed, they will
be examined whether they are precancerous or not, in

laboratory with the aid of microscope and electronic
equipment. Basically colonoscopy provides the most precise
approach for screening participants as the sensitivity and
specificity for adenoma and colon cancer are highest among all
available approaches [10].

The second testing is sigmoidoscopy, which is also an
endoscopic examination method. There are two types of
sigmoidoscopy, one with flexible tube and one with rigid tube
[11]. The recommended method in NCCN is flexible
sigmoidoscopy, usually abbreviated as FSIG. FSIG enables
physician to observe the inside of the large intestine from the
rectum through the last part of the colon, called the sigmoid,
and any abnormal phenomena in sigmoid, including intestinal
bleeding, inflammation, abnormal growths, and ulcers.
Physicians could use the procedure to find the cause of
diarrhea, abdominal pain, or constipation. They also use it to
look for benign and malignant polyps in sigmoid, as well as
early signs of cancer. However, FSIG is not enough to detect
polyps or cancer in the ascending or transverse colon (two-
thirds of the colon), though it is useful in descending colon
where colon disease happens most frequently [12]. For
anything unusual observed in sigmoid, like a polyp or inflamed
tissue, the physician can remove a piece of the tissue and send
it to lab for further testing.

The third method is guaiac fecal occult blood test (gFOBT),
detecting the presence of occult blood in stool. The term
“guaiac” denotes the paper surface used in the test which has
alpha-guaiaconic acid, extracted from a special kind of trees
[13]. In the test feces are applied to the guaiac paper and
smeared to be fecal sample film. After that, one or two drops
of chemical liquid (hydrogen peroxide) are dripped on the film,
to observe the speed of color change. If there is no fecal occult
blood, the color changes slowly; otherwise it changes fast,
indicating there is probability of colorectal problem. Therefore,
a positive test result is one where there is a quick and intense
blue color change of the film. However, this method is
considered complicated, as it requires a strict fasting from iron
supplements, red meat, certain vegetables, Vitamin C, and
citrus fruits for a period of time before the test [14]. The
restriction actually limits the application of the technique, but
it is still considered sufficient for average risk people, to
effectively reduce the mortality associated with colon cancer
[15].

The fourth method is fecal immunochemical test (FIT), also
called immunochemical fecal occult blood test (iFOBT), which
also detects hidden occult blood within the stool as gFOBT.
This detection is important because it can be a sign of
precancerous polyps or colon cancer. FIT is done essentially
the same way as gFOBT, though it may be found easier than
gFOBT since there is no drug or dietary restrictions. FIT also
requires as few as only one stool sample, rather than three in
gFOBT. FIT is more effective in terms of health outcomes and
cost compared with gFOBT [16]. However, both FIT and gFOBT
are not enjoyable experiences, as either the patients or
screening professionals take complicated steps to collect stool
samples, which causes discomfort and embarrassment [17].
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The latest approach for colon cancer screening is stool DNA
testing (sDNA), designed to identify recognizable DNA changes
(DNA markers) in cells that are continually shed from the lining
of the colon through stool. Stool samples and those cells
affiliated in stool are collected, and thus changes in DNA
markers in cells could be identified, if there is presence of
precancerous polyps or colon cancer. Because DNA changes
may differ between colon cancers, stool DNA tests typically
target multiple markers to achieve high detection rates [18].
Stool DNA testing shows to be more effective than fecal occult
blood tests (gFOBT and FIT) at detecting colon cancer and
precancerous polyps [8].

Many previous studies have elaborated the pros and cons of
different colon cancer screening methods, and compared
them clinically. A randomized controlled trial showed that
subjects in the FIT group were more likely to participate in
screening than were those in the colonoscopy group, while
more adenomas were identified in the colonoscopy group than
were in the FIT group [19]. Another RCT also stated that the
attendance rate of colonoscopy group was significantly lower
compared with FSIG and FIT groups [20]. A population-based
randomized trial compared FIT and gFOBT, and found
participation and detection rates for advanced adenomas and
cancer were significantly higher for FIT group than gFOBT
group; gFOBT significantly underestimated the prevalence of
advanced adenomas and cancer in the screening population
[21]. It has been concluded that different screening methods
have different utilities, techniques, and clinical performances,
thus leads to various attendance rates and detection rates.
Hence, we need to consider all these factors and possible
results as well, in order to compare different colon cancer
screening methods.

Whatever option patient may choose, they might have four
possible results generally: colon cancer, precancerous lesions,
non-advanced adenoma, and completely negative results.

Colon cancer has already been introduced above. Once a
participant was diagnosed as colon cancer, he or she should
immediately receive a colectomy or chemotherapy, or both.
Colectomy is a surgical procedure to remove all or part of the
patient’s colon [22]. Chemotherapy for colon cancer may be
used at different times during the entire treatment procedure.
Chemotherapy may be used after surgery to remove the
cancer, which is known as adjuvant chemotherapy. For some

cancers, chemotherapy is given (sometimes with radiation)
before surgery to shrink the cancer and make surgery easier.
For advanced colon cancers, chemotherapy can also be used to
help shrink tumors and relieve symptoms for cancers that have
spread to other organs [23].

Common drug combinations used for chemotherapy include
[24,25]:

• FOLFOX: 5-FU, leucovorin, and oxaliplatin,
• CapeOx: Capecitabine and oxaliplatin,
• 5-FU and leucovorin,
• Capecitabine

However, chemotherapy has side effects for patients,
including hair loss, mouth sores, loss of appetite, nausea and
vomiting, or low blood counts. Types of side effects depend on
the type and dosage of chemotherapy drugs given to patients
and the length of time they are taken.

Precancerous lesions refer to adenomatous polyps
(adenomas) that have the potential to become cancer. Patients
are usually recommended to take screening to find the
precancerous lesions and make lesions in the colon removed
through polypectomy or colectomy [26,27].

Non-advanced adenoma refers to benign clumps of cells
(polyps) in colon, which is less likely to become cancer.
Physicians usually recommend observing for a period of time,
or removing the adenoma by polypectomy [28-30].

Methods

Data extraction
All variables applied in this decision analysis were listed in

Table 1 (Appendix 1). Data were extracted from related peer-
reviewed articles, and carefully examined. The efficacy of
colonoscopy is very high. The sensitivities are 77%, 98%, and
98% respectively for detecting low-risk adenoma,
intermediate /high-risk adenoma, and colon cancer; the
specificity of colonoscopy for adenoma and colon cancer is
97%. Colonoscopy provides a golden standard for colon cancer
screening based on its high efficacy, though it causes pains,
discomfort, and embarrassment for patients.

Table 1 Parameters for decision analysis.

Variable Value Range for SA Distribution Source

Low High Type Alpha Beta

Screening Test Characteristics

COL Sensitivity [31]

for low-risk adenomas 77.000% 73.000% 80.000% Beta 350 104.55 [32]

for intermediate/high-risk distal
adenomas

98.000% 93.000% 99.000% Uniform 93.0% 99.0%

for CRC 98.000% 95.000% 99.000% Uniform 95.0% 99.0%
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COL Specificity

for adenomas and CRC 97.000% 96.000% 98.000% Beta 970 30

FSIG Sensitivity [33]

for low-risk distal adenomas 65.000% 60.000% 70.000% Beta 235 126.54

for intermediate/high-risk distal
adenomas

74.000% 68.000% 78.000% Beta 180 63.24

for distal CRC 90.000% 85.000% 95.000% Beta 90 100

FSIG Specificity [33]

for distal adenomas and CRC 92.000% 90.000% 95.000% Beta 250 21.74

gFOBT Sensitivity [34]

for adenomas 10.300% 10.000% 12.000% Beta 11.4 92.1 [35]

for cancer 36.000% 31.000% 42.000% Beta 105 186.6 [36]

gFOBT Specificity [37]

for adenomas and cancer 97.000% 96.000% 98.000% Beta 1083.4 33.5 [38]

FIT Sensitivity [36]

for adenomas 21.000% 19.000% 22.000% Beta 594.62 2236.92 [39]

for cancer 71.000% 67.000% 75.000% Beta 35.29 143.08 [40]

FIT Specificity [39]

for adenomas and cancer 95.000% 94.000% 96.000% Beta 1732.57 91.19

sDNA Sensitivity [8]

for adenomas 17.200% 15.900% 18.600% Gamma 60 0.0103 Calculation *

for cancer 92.300% 83.000% 97.500% Gamma 498 0.00023 Calculation *

sDNA Specificity [8]

for adenomas and cancer 89.800% 88.900% 90.700% Gamma 4002 0.00015 Calculation *

Adverse Events　

COL Probability [41]

Perforation with polypectomy 0.216% 0.168% 0.298% Uniform 0.168% 0.298% [42]

Perforation without polypectomy 0.107% 0.010% 0.249% Uniform 0.010% 0.249%

Death following Perforation 5.195% 0.000% 0.907% Uniform 0.000% 0.907%

Bleeding 0.379% 0.065% 0.412% Uniform 0.065% 0.412%

FSIG Probability [43]

Perforation 0.002% 0.000% 0.051% Uniform 0% 0.05% [42]

Death following Perforation 6.452% 0.000% 9.070% Uniform 0.000% 9.070%

Bleeding 0.029% 0.002% 0.054% Uniform 0.002% 0.054%

Utility　

Cancer free 0.94 　 　 　 　 　 [44]

CRC 0.8 0.43 0.94 0.94*Beta 3.92 0.69 [45]

Stage-specific utility [46]

for stage I 0.74

for stage II 0.67
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for stage III 0.5

for stage IV 0.25

Mortality 　 　 　 　 　 　

Annual CRC-specific mortality　 [47]

for stage I 0.014

for stage II 0.0377

for stage III 0.0986

for stage IV 0.3951

Natural mortality for any case (age
65)

0.0126 [48]

Participation 　 　 　 　 　 　

COL 0.86 0.81 0.9 Uniform 0.81 0.9 [49]

FSIG 0.39 0.24 0.67 Uniform 0.24 0.67 [50]

gFOBT 0.53 0.32 0.7 Uniform 0.32 0.7

FIT 0.53 0.32 0.7 Uniform 0.32 0.7

% never participate 0.13 0 0.41 \ 　 　

Abbreviations: COL=colonoscopy, FSIG= Flexible sigmoidoscopy, gFOBT=Guaiac fecal occult blood test, FIT=Fecal Immunochemical Test, sDNA=stool DNA
testing, CRC=colorectal cancer.

*Distribution and related parameters are decided and calculated by author of this study. The method is introduced in interpretation part.

Flexible Sigmoidoscopy provides second best efficacy for
colon cancer screening. The sensitivities are 65%, 74%, and
90% respectively for detecting low-risk adenoma,
intermediate /high-risk adenoma, and colon cancer; the
specificity of FSIG for adenoma and colon cancer is 92%. The
sensitivity and specificity for colon cancer is pretty high,
though this approach might be more possible to falsely
suggest nonexistence of low/intermediate/high risk adenoma
than colonoscopy.

The gFOBT has a really high specificity, 97%, for adenoma
and colon cancer. However, it performs poorly in sensitivity for
adenoma and colon cancer, which are 10.3% and 36%
respectively, indicating that this approach probably is lacking
the ability in detecting adenoma and colon cancer.

The FIT provides a high specificity, 95%, for adenoma and
colon cancer, which is approximately the same as gFOBT. The
sensitivity of FIT for adenoma and colon cancer is higher than
those of gFOBT, which are 21% and 71%, respectively. Both FIT
and gFOBT causes no pains for patients, but their performance
in detecting adenoma and colon cancer is not ideal, compared
with invasive approaches. The advantage of these two non-
invasive methods is that patient could take screening annually
to make up the inefficiency, though it might be costly.

The Stool DNA testing performs much better in detecting
colon cancer, as the sensitivity is 92.3%. The sensitivity for
adenoma is slightly lower than that of FIT, which is 17.2%. The
specificity for adenoma and colon cancer is as high as 89.8%,
though slightly lower than FIT. The brand-new approach could
also be applied annually, and provides much higher utility than

invasive screening methods, as there is no pains and
discomfort.

Invasive screening methods might cause adverse events,
including bleeding, perforation, or even death. Though the
probabilities of these adverse events of colonoscopy and FSIG
are low, which are all below 7%, they indeed influence
patients’ utility largely.

The utility of cancer free status is 0.94, and utility of colon
cancer is 0.8, which are derived from two highly cited studies.
The utility of colon cancer is a comprehensive utility, and
synthesized many cases, including different stages and
different treatments, recovering from colon cancer, and
recurrence. The stage-specific utility of colon cancer is lower
than the comprehensive utility, because it didn’t integrate
cases comprehensively, and targeted at a different population
group. Stage-specific utilities are still kept in Table 1 for further
consecutive study.

Mortalities of stages of colon cancer come from a well-cited
study. The definition of stages of colon cancer comes from
National Cancer Institute [28]. Annual mortality is derived
from 5-year survival rate of each stage. Mortalities are 0.014,
0.0377, 0.0986, and 0.3951 respectively for stage I, II, III and IV.
The natural mortality for any case is collected from Canada Life
Table. As DNA clinical trial recruited participants between 50
and 84, with weighted mean age of 65, we use Canadian
natural mortality at age of 65 for analysis, which is 0.0126.

Finally we collected participation rate of different screening
approached to modify the efficacy for average risk population
screening, as only the participants could have benefits brought
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by screening approaches. The participation rate of
colonoscopy is as high as 86%; 53% of people participated in
FIT or gFOBT; only 39% of people participated in FSIG; and
there is 13% of people who had never attended any screening
program.

This study adopts a perspective of a third payer. The
confidence interval and distribution information for each
variable was reserved in order to perform probabilistic
sensitivity analysis (PSA) in further study, though PSA was not
performed in this study.

Decision tree
We integrated both colon cancer screening and treatment

into our decision analysis to build a comprehensive decision
tree and the structure of the decision tree is shown in the
Figure 1.

Figure 1 Decision tree for analysis

When a participant plans to attend colon cancer screening,
he might have five options, which are COL, FSIG, gFOBT, FIT,
and sDNA. Different screening methods have different utility
and efficacy. For each type of examination, there are four
possible results, which are colon cancer, precancerous lesions,
non-advanced adenoma, and negative results. For different
results, different treatments are assigned. After treatment,
patient has a probability to survive or die, with two different
utilities assigned to two statuses respectively.

Assumptions
Before this decision tree was applied to analyze the decision

question faced by hundreds of thousands of people in the
average-risk group for colon cancer, there are several
important assumptions that have been made explicitly.

Firstly we assumed the mortality of each status after
screening, including colon cancer, precancerous lesions, non-
advanced adenoma, and negative results. Since there is no
recent study on colorectal precancerous lesions mortality, we
assigned mortality of stage I colon cancer to the status of
precancerous lesions. This assumption is made based on
expert opinion. As non-advanced adenoma could be easily
removed by polypectomy, or even left for further observation,
we assume there is no significant difference between mortality
of nan-advanced adenoma and natural mortality. Besides, we
also assumed these mortalities are conditional probabilities
given patients have received proper treatment.

The utilities of screening approaches are assumed based on
existing studies on embarrassment and discomfort survey of
COL, FSIG, gFOBT, and FIT. As for sDNA, we assumed it provides
perfect utility for patients, as it is non-invasive and very easy to
collect stool samples. Compared with sDNA, the utilities of
gFOBT and FIT are both assumed at 0.8, as the sample
collection of FIT/gFOBT is more complicated than sDNA
method, and caused embarrassment and discomfort. The
utility of FSIG is assumed at 0.25, as much more subjects in a
survey reported FSIG caused embarrassment and discomfort
than FIT and gFOBT [17]. Colonoscopy provides average utility
of 0.5 to patients, as in another survey the number of
complaints on discomfort caused by FSIG was approximately
twice as that number caused by colonoscopy [29].

The prevalence of colorectal cancer, precancerous lesions,
non-advanced adenoma, and negative results, are derived
from the NEJM study, in which 9989 average-risk participants
were screened, with 65 diagnosed as colon cancer, 757 as
precancerous lesions, 2893 as non-advanced adenoma, and
the rest as negative results and non-neoplastic findings [8].
The prevalence of each status in general population is not
appropriate to be applied in this study, as people below 50
rarely take colon cancer screening, and thus they are not
subjects of interest (Figure 2).

We also reasonably assume FSIG sensitivity for
precancerous lesions as 0.36, because the sensitivities for
colorectal cancer and non-advanced adenoma are both 0.36.

Results
The aim of this study is to compare utilities of different

screening approaches. The utility should be considered and
calculated from two parts: the burden of the test itself, and
the results of treatment. The reason why we should consider
treatment is that treatment utility is influenced by test
efficacy. Thus we calculated the integrated utility for each
approach.
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Figure 2 Comprehensive Calculation of utility of testing
approaches.

The decision tree integrated with screening and treatment
shows sDNA has the highest integrated utility, 0.6024, given
the probability and utility of each disease status and related
treatment, and the ability to detect the four statuses. The
gFOBT provides second best integrated utility of 0.5509; the
utility of FIT is 0.4812, followed by 0.4222 for colonoscopy and
0.1915 for FSIG.

The integrated utilities above should be modified by
participation rate of each approach. After modification,
colonoscopy performs better than gFOBT and FIT, as the
modified integrated utility is 0.3631, higher than 0.292 for
gFOBT and 0.255 for FIT. The FSIG still performs worst, with a
modified integrated utility at 0.0747. As a brand-new
screening method, sDNA has no participation rate record.
However, from results above we could predict that sDNA will
have a better modified integrated utility if the hypothetical
participation rate is higher than 60.3%.

Sensitivity Analysis
In this study we performed one-way sensitivity analysis.

From Table 2 we could find the integrated utility of sDNA is
sensitive to variations of specificity of negative results, test
utility, and participation rate.

We set a variation range from 0.8 to 1 for test specificity of
negative results. As all the other approaches perform well in
specificity, it is reasonable to set this range. If the specificity
were less than 0.81, sDNA would perform worse than gFOBT
on integrated utility, given other parameter remained.

For test utility of sDNA, a variation range from 0.8 to 1 was
built up. As it is a non-invasive method with simple stool
sample collecting procedure, the utility of sDNA could not be
less than FIT and gFOBT. Thus it is reasonable to set this range
for test utility. This approach will perform worse than gFOBT,
the current second best, if the test utility is less than 0.915.

Integrated utility is most sensible to participation rate. We
assume the lower bar for participation rate variation is 0.53,
which is the participation rate for gFOBT and FIT, and upper
bar is 1. If the rate remains larger than 0.603, sDNA will prove
to be best test in term of integrated utility.

Table 2 One-way sensitivity analysis.

Input parameter Range Influence on sDNA integrated utility rank Threshold Value

　 Low High 　 　

Test sensitivity for CRC 0.36 1 No change -

Test sensitivity for PCL 0.36 1 No change -

Test sensitivity for NA 0 1 No change -

Test specificity for Negative 0.8 1 Change the rank within the range >0.81 *
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Test utility 0.8 1 Change the rank within the range >0.915 *

Participation rate 0.53 1 Change the rank within the range >0.603 *

* Values greater than threshold ensure sDNA has the highest integrated utility.

Abbreviation: CRC=colorectal cancer, PCL=precancerous lesions, NA=non-advanced adenoma, chemotherapy=capecitabine or 5-FU /leucovorin, IU=Integrated
utility, MIU=Modified integrated utility.

Variation on sensitivity for colon cancer, precancerous
lesions, and non-advanced adenoma will not affect the fact
that sDNA performs best. Variation on mortality and utility of
disease status was not considered, as it is not directly related
with test approach. Besides, prevalence of disease statuses
was assumed to be stable.

Conclusion
The presented clinical evidence shows that sDNA provides

highest integrated utility for people in screening program. It
should be recommended for average-risk population to take
this brand-new approach annually. The integrated utility is
sensitive to specificity for negative results, test utility, and test
participation rate.

Discussion
This study integrated both screening stage and treatment

stage together to explore the evidence for colon cancer
screening decision analysis. However, it currently considered
only efficacy and utility of test and treatment, without
integration of cost data. Hence, cost should be considered and
incorporated to explore the cost-effectiveness of sDNA as a
brand-new population-based screening approach.

This study was subject to some important limitations. Firstly,
the sensitivity and specificity of sDNA comes from a single
source, in which the study was conducted in North America. If
the context changes, it might be possible that both the
sensitivity and specificity will change. Secondly, there was no
probabilistic sensitivity analysis, which is more informative
than one-way sensitivity analysis. Thirdly, the model was
developed from the perspective of a third-party payer, such as
a provincial ministry of health, the organization that decides
on funding for a governmental screening program for
colorectal cancer. For this reason, lost productivity costs, which
are necessary to determine the societal perspective, were not
incorporated. Finally, this study only considers people with
average risk, thus it is less likely to generalize the conclusion to
high-risk population.
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