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Executive Summary 

Background
Colorectal cancer (CRC) is the third  
most common cancer in both men and 
women and is the third leading cause 
of cancer deaths in the United States.1 
Incidence and mortality rates for CRC 
have declined over the past two decades,  
corresponding with an increase in  
self-reported screening rates.1 However, 
screening rates remain suboptimal.  
While different U.S. guideline-issuing 
organizations agree on the majority of  
recommended CRC screening options, 
there are differences between some  
recommended options, such as fecal  
DNA testing. In 2008, the United States 
Preventive Services Task Force  
(USPSTF) found that evidence was  
insufficient to recommend fecal DNA 
testing for CRC screening.2,3 However, 
the American Cancer Society (ACS), the 
U.S. Multi-Society Task Force (MSTF) 
on Colorectal Cancer, and the American 
College of Radiology (ACR) collectively 
recommended fecal DNA testing as an 
alternative screening method. The  
ACS-MSTF-ACR’s recommendation  
was based on a lower threshold of  
evidence than that of the USPSTF.4,5  

Fecal DNA tests are designed to detect 
molecular abnormalities in cells from 
cancer or precancerous lesions that are 
shed into the stool. Fecal DNA testing to 
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screen for CRC has evolved significantly 
over time, both in improvements in 
understanding relevant molecular 
abnormalities associated with CRC and 
technological advances to allow for
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improved detection of molecular abnormalities in DNA 
in the stool.6 Molecular abnormalities that have served as 
the basis for CRC screening tests have focused on three 
major genetic mechanisms: chromosomal instability due 
to abnormalities in mutational hotspots like APC, KRAS, 
and TP53; microsatellite instability due to loss of function 
of mismatch repair genes that can result in accumulation 
of errors within the DNA sequence; and DNA methylation, 
an epigenetic alteration, in which promoter sites of genes 
are hypermethylated leading to suppression of gene 
transcription.7 

Thus far a single company, Exact Sciences, has been the 
major commercial developer of fecal DNA testing in the 
United States (Table A). Currently, only one fecal DNA 
test, ColoSure™, is commercially available. This test is a 
single marker fecal DNA assay for methylated vimentin 
distributed by LabCorp. Marketing for commercially 
available fecal DNA testing specifies that the test is 
intended for individuals who are not eligible (either 
unable or unwilling) for more invasive CRC screening 
(i.e., colonoscopy, flexible sigmoidoscopy, or CT 
colonography).8

Objectives
This report includes six Key Questions to systematically 
review the evidence on fecal DNA testing to screen for 
CRC in average-risk adults (Figure A). 

Key Question 1. Clinical Utility. What is the effectiveness 
of fecal DNA testing (alone or in combination with other 
screening tests) to screen for CRC in reducing morbidity 
(CRC incidence) or mortality (all-cause or CRC-specific)?

Key Question 2. Clinical Validity. 

2.1. What are the absolute test-performance 
characteristics (e.g., sensitivity, specificity) of fecal 
DNA testing for CRC screening, as compared to 
colonoscopy?

a. To detect CRC?

b. To detect precancerous lesion(s)?

2.2. What is the relative test performance of fecal DNA 
testing as compared to other established screening 
modalities in current practice? 

a. To detect CRC?

b. To detect precancerous lesion(s)?

Key Question 3. Interval of Screening. What is the 
test performance of fecal DNA testing across different 
screening interval(s)?

Key Question 4. Analytic Validity.

4.1. What is the analytic validity (analytic sensitivity, 
specificity, and reproducibility) of currently 
available fecal DNA assays?

4.2. What are the important analytic and pre-analytic 
factors that can affect fecal DNA assay validity?

Key Question 5. Acceptability of Testing. What is the 
acceptability and adherence of fecal DNA screening in 
comparison to other stool-based screening tests, or in 
comparison to more invasive modalities of screening?

Key Question 6. Harms. What are the potential harms of 
fecal DNA testing?

Figure A. Analytic framework of the benefits and harms of fecal DNA testing  
in screening for colorectal cancer
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Methods

Input From Stakeholders

This topic was initiated based on a public nomination 
submitted to the Agency for Healthcare Research Quality 
Effective Health Care program. Several individuals 
expressed concern about the optimal timing of this review 
during public review due to the current development of 
new fecal DNA screening test. Despite these comments, 
it was determined that a review would still be helpful 
to stakeholders in the interim. A Technical Expert Panel 
(TEP) helped in the refinement of our review protocol and 
provided details about fecal DNA test development. 

Data Sources and Selection

We performed comprehensive literature searches in the 
following databases from 2000 through August 11, 2011: 
MEDLINE, Cochrane Database of Systematic Reviews, 
Cochrane Central Register of Controlled Trials, Database 
of Abstracts of Reviews of Effects, and the Health 
Technology Assessments Database. Searches of these 
databases were supplemented with manual searching of 
reference lists of relevant review articles and suggestions 
made by TEP members. We also performed a focused 
search of the grey literature, including: unpublished data 
from recent conference abstracts (2009–2011), regulatory 
documents, and information regarding ongoing and future 
research via clinical trial registry entries. Additional 
unpublished literature was sought via a Scientific 
Information Packet (SIP) request to LabCorp. 

Two reviewers independently screened abstracts against 
a set of a priori inclusion criteria. Included studies were 
limited to asymptomatic screening populations, published 
since 2000 in English language. Full-text articles of 
abstracts meeting inclusion criteria were retrieved and 
dual-reviewed against the inclusion criteria. Disagreements 
were resolved with consultation of a third reviewer. 

Data Extraction and Quality Assessment

Data from all included studies were abstracted into 
standardized evidence tables by one reviewer and checked 
by a second reviewer. Separate abstraction forms were 
created for key questions. We abstracted important details 
relating to study design, population characteristics, test and 
comparators, and all relevant outcomes.

We applied the study design-specific quality criteria of the 
USPSTF to assess the methodological quality of included 
studies.9 We supplemented these quality criteria with 
methods from the Evaluation of Genomic Applications 

in Practice and Prevention Working Group (specific to 
genetic testing),10 the Newcastle Ottawa Scale (specific to 
cohort studies),11 and the QUADAS criteria (specific to 
diagnostic accuracy studies).12 Two independent reviewers 
assigned a quality rating of the internal validity for each 
study. Disagreements were resolved by discussion and 
consensus or by consulting a third, independent reviewer. 

Data Synthesis and Analysis

We conducted qualitative syntheses of study results for 
each key question. We did not conduct meta-analysis 
of results due to the limited number of studies for each 
key question and clinical differences between studies. 
For qualitative syntheses, we evaluated and summarized 
clinical and methodological characteristics of included 
studies, as well as important internal (quality) and external 
(applicability) study characteristics. The strength of 
evidence for primary outcomes was graded using the 
standard process of the Evidence-based Practice Centers, 
based on four major domains: risk of bias, consistency, 
directness, and precision of the evidence.13 

Results
Our literature search yielded 336 citations from electronic 
database searches and outside sources (Figure B). Based on 
the review of title and abstracts, we subsequently reviewed 
34 full-text articles for their eligibility. We included 
12 articles, three diagnostic accuracy studies (clinical 
validity) that met inclusion criteria for Key Question 2, 
three analytic validity studies for Key Question 4, and six 
studies of acceptability or preference of testing for Key 
Question 5. For Key Question 2, all three studies reported 
absolute test performance based on colonoscopy findings 
(KQ2.1), two of which also reported test performance 
compared to guaiac-based FOBT (KQ2.2). Two studies 
for Key Question 2 also reported adherence to testing and 
are discussed with Key Question 5 results. We found no 
studies that addressed clinical utility (Key Question 1), 
intervals of screening (Key Question 3), or specific harms 
of screening (Key Question 6).

Key Questions 2 and 6. Diagnostic Accuracy and 
Harms of Fecal DNA Testing

Despite the availability of numerous initial validation 
studies of fecal DNA testing, we only found three studies 
that examined the accuracy of fecal DNA testing in 
screening populations (Table B).14-16 Two fair-quality 
diagnostic accuracy studies (n=5,004) in screening cohorts 
of average-risk patients undergoing colonoscopy evaluated 
a fecal DNA test (SDT-1) that was a prototype to a later 
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Citations located through searches

279

Citations from outside sources

57

Total records identified
336

Abstracts screened
336

Abstracts excluded
302

Full-text articles assessed for 
eligibility

34

Full-text articles excluded*

Study design:  11
Population:  7

Test not currently available:  1
Lack of appropriate comparator:  2

Analytic validity not vimentin
methylation:  2

Articles included 

KQ1:  0
KQ2:  3
KQ3:  0
KQ4:  3
KQ5:  6†

KQ6:  0

Figure B. Literature flow diagram

KQ = Key Question 
*1 article was excluded for different reasons for different Key Questions. 
†2 articles from KQ2 reported adherence to testing (and therefore are also discussed with KQ5).

version that was clinically available as PreGen Plus™ 
(Table A).14,15 These two studies found different 
sensitivities for detection of CRC (25 percent [95% CI,  
5 to 57] versus 51.6 percent [95% CI, 34.8 to 68.0])  
(Table B). Both found similarly low sensitivities for 
detection of advanced adenomas (Table B).

The specificity for detection for CRC or advanced 
adenomas was approximately 93 to 96 percent (Table B). 
In one of the diagnostic accuracy studies, the specificity 
for the prototype to PreGen Plus (SDT-1) and Hemoccult 
II™ were not statistically significantly different, although 
the study had limited power to detect a difference  
(Table C).15 One smaller study (n=441) evaluating the 
test accuracy of KRAS mutations,16 and a subset analysis 
(n=217) of the diagnostic accuracy study by Ahlquist and 

colleagues,14 evaluating a multi-marker test that included 
methylated vimentin (SDT-2), were both poor quality. 
None of these studies evaluated fecal DNA tests applicable 
to the currently available test, ColoSure.

We did not find any studies that specifically evaluated 
the harms of fecal DNA testing. The major hypothesized 
harms of fecal DNA testing are the sequelae from 
diagnostic inaccuracy (false positives and false negatives). 

Key Question 4. Analytic Validity of Fecal DNA 
Testing

We found three poor-quality studies that specifically 
evaluated the analytic validity of currently available fecal 
DNA assays, a single-marker test for methylated
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vimentin.17-19 These studies showed that technological 
advances (i.e., methyl-BEAMing and methyl-binding 
domain enrichment) can improve the analytic sensitivity 
of assays to detect methylated vimentin in stool samples 
(Table D). None of the studies evaluated the repeatability, 
reproducibility, or analytic specificity of testing. These 
three studies were generally of poor quality, and the 
technological advances evaluated in these studies are not 
applicable to the previously studied (SDT-2) or currently 
available test (ColoSure) for methylated vimentin.

Key Question 5. Acceptability and Adherence  
of Testing 

We found six fair- to poor-quality studies that evaluated 
the acceptability and two diagnostic accuracy studies that 
reported the adherence to fecal DNA testing.14,15,20-25 
From very limited evidence, it appears that fecal DNA 
testing is generally acceptable, although an important test 
attribute for acceptability appears to be the test’s accuracy 
(Table E). In one fair-quality diagnostic accuracy study, 
fecal DNA adherence was lower than adherence to fecal 
occult blood test (FOBT).15 No studies have evaluated 
the relative acceptability or adherence of fecal DNA tests 
to fecal immunochemical test (FIT) tests. It is likely that 
future fecal DNA testing will be in test accuracy, and 
possibly stool collection, such that the currently available 
evidence on acceptability and adherence to fecal DNA 
testing will no longer be relevant.

Discussion

Strength of Evidence

Despite considerable media attention and expert-based 
clinical recommendations that include fecal DNA 
testing for CRC screening, at present, fecal DNA tests 
have insufficient evidence about their clinical validity 
(diagnostic accuracy) in patients at average risk for CRC. 
Due to the differences in tests evaluated and differences 
in sensitivity between the two studies that evaluated the 
same test, the evidence for the test accuracy for fecal DNA 
testing is both inconsistent and imprecise. Fecal DNA 
test development has evolved significantly over the past 
decade. There have been advances in the understanding 
of molecular markers that reflect neoplastic change and 
advances in technologies to stabilize, extract, and  
amplify/detect low levels of human target DNA in stool 
samples. Therefore, the three studies on diagnostic 
accuracy of fecal DNA tests in screening populations do 
not reflect the current commercially available fecal DNA 
test (or soon to be available fecal DNA testing). Likewise, 

harms and acceptability of and adherence to fecal DNA 
testing in comparison to other screening modalities also 
have insufficient evidence and are largely not applicable 
to currently available fecal DNA tests. Because patients’ 
(and clinicians’) preference of test choice is influenced by 
test performance, acceptability and adherence to testing 
will need to be reexamined once test accuracy is known. 
Subtleties in stool collection may also affect acceptability 
and adherence, and therefore may change if future fecal 
DNA testing no longer requires a single whole-stool 
specimen. 

Evidence Gaps and Future Research

The most critical evidence gap for fecal DNA testing 
to screen for CRC is the lack of appropriately designed 
diagnostic accuracy studies applicable to currently 
available fecal DNA testing. At a minimum, clinical 
decision making should be based upon evidence from test 
validation studies conducted in the intended population 
(i.e., asymptomatic screening population) for which the 
test is proposed. Empiric evidence shows that distorted 
selection of participants (including nonrepresentative 
patients) and use of case-control study designs 
overestimate overall test accuracy due to both variation 
and spectrum bias.26,27 Based on this review, we found 
discordant results from the three included diagnostic 
accuracy studies in comparison to the initial validation 
studies identified but excluded from this review. For 
example, initial validation studies for the prototype of 
PreGen Plus had sensitivity for CRC estimates around  
90 percent, and subsequent test validation studies in 
screening populations showed much lower sensitivities 
(about 25 to 50 percent).28 When better-quality, more-
applicable diagnostic accuracy studies in screening 
populations become available, clinicians and decision 
makers can use robust models that have been developed 
by the National Cancer Institute Cancer Intervention 
and Surveillance Modeling Network for evaluating CRC 
screening (e.g., MISCAN, SimCRC) to estimate net 
benefit of testing (of a program of testing, and harms 
of testing due to diagnostic inaccuracies) and optimal 
intervals of testing, compared to other currently used or 
promising screening modalities. Other important evidence 
gaps include the relative acceptability of and adherence to 
fecal DNA testing, compared with FIT (which is a stool 
based test that does not require dietary or medication 
restrictions), and issues around fecal DNA testing 
analytic validity, specifically accuracy, and repeatability 
and reproducibility. In addition, reporting of potentially 
important details that may affect analytic validity of assays 
should be routinely reported in clinical evaluation (clinical 
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validity) studies. Especially given the constant changes in 
test development, test developers and researchers need to 
be transparent and explicit about differences in the assays 
evaluated in studies and the actual assays that are clinically 
available. 

Limitations

The limitations in this review are primarily from the 
limitations in the primary research (small body of variable, 
often poor quality studies) and the evolving nature of fecal 
DNA testing (resulting in a mismatch between primary 
research and available testing). However, there are few 
important limitations in the scope and timing of this 
review. Our review focused on fecal DNA testing to screen 
for CRC, and therefore did not address other potential 
roles of fecal DNA testing. Also, our review did not 
include stool-based testing using RNA or other  
genetic/genomic based testing in plasma. However, these 
newer types of genetic/genomic testing to screen for CRC 
are more developmental than fecal DNA testing. Finally, 
this review will likely be out of date as new tests and 
evidence supporting these tests becomes available within 
the next 2 years. 

Abbreviations
95% CI 95 percent confidence interval  
ACR American College of Radiology  
ACS American Cancer Society 
CLIA Clinical Laboratory Improvement   
 Amendments 
CRC Colorectal cancer 
CT colonography Computed tomographic colonography 
DIA DNA integrity assay 
DNA Deoxyribonucleic acid 
EHC Program Effective Health Care Program 
FDA U.S. Food and Drug Administration 
FIT Fecal immunochemical test 
FOBT Fecal occult blood test (usually used  
 to refer to guaiac based tests like  
 Hemoccult II™ or Hemoccult  
 SENSA™ versus immunochemical  
 based tests for hemoglobin) 
KQ Key Question 
LDT Laboratory-developed test 
MBD Methyl-binding domain 
NR Not reported 
PCR Polymerase chain reaction 
RNA Ribonucleic acid 
sDNA Stool DNA test 
SIP Scientific Information Packet 
TEP Technical Expert Panel

Glossary
Absolute test performance—Performance of a test 
(sensitivity, specificity) when compared to the gold 
standard.

Accuracy—Ability of assay to measure what it purports to 
measure determined independently by a reference method.

Adenoma—Benign tumor from epithelial tissue.

Advanced adenomas—Adenomas 1 cm or greater, or with 
villous components (tubulovillous or villous), or with 
high-grade or severe dysplasia.

Aliquots—A measured portion of a sample taken for 
analysis.

Analytic factors—Test methods and performance of 
procedures, and monitoring and verification of accuracy 
and reliability of test results.

Analytic sensitivity (lower limit of detection)—Ability of 
assay to detect all true positive specimens, for quantitative 
tests this is defined as the smallest quantity of a substance 
that can be reliably detected or quantified.

Analytic specificity—Ability present in the sample of 
assay to measure the target substance when potentially 
interfering or cross-reacting substances are present in the 
sample.

Analytic validity—An assay’s ability to accurately and 
reliably measure the genotype (or analyte) of interest.

Assay—An analysis conducted to verify the presence (and 
amount) of a substance.

Chromosomal instability—The gain or loss of whole 
chromosomes or fractions of chromosomes.

Clinical utility—A test’s ability to improve clinical 
outcomes and the test’s usefulness and value it adds to 
patient management decision-making, compared with 
current management without genetic testing.

Clinical validity—A test’s ability to accurately and reliably 
predict the clinically defined disorder or phenotype of 
interest.

DNA integrity—Potential biomarker for colorectal 
cancer because DNA shed from cancer cells have been 
characterized as having longer DNA fragments as 
compared to DNA shed from noncancer cells.

Epigenetics—Changes in gene expression caused by 
mechanisms other than changes in the DNA sequence.
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Guaiac based fecal occult blood test (FOBT)—An assay to 
detect the presence of hemoglobin in the feces that is not 
visibly apparent in which feces is applied to a thick piece 
of paper attached to a thin film coated with guaiac  
(a phenolic compound).

Immunochemical based fecal occult blood test (FOBT) 
or fecal immunochemical test (FIT)—An assay to detect 
the presence of hemoglobin in feces that is not visibly 
apparent in which a fecal sample is collected (e.g., with 
a brush, probe, stick) and transferred to a test card or 
slide (dry sampling) or deposited into a liquid buffer (wet 
sampling). Occult blood is then detected using an antibody 
specific for human hemoglobin. 

Initial test validation—study designed to determine ability 
and diagnostic accuracy of a test in persons with the target 
condition (as opposed to validation in the test’s intended 
population); for this report in persons with known CRC or 
colorectal adenomas; these studies are most often case-
control studies in which cases are persons with known 
CRC or colorectal cancer versus healthy controls.

Methylation—The addition of a methyl group.

Microsatellite instability—DNA damage due to defects in 
the normal DNA repair process.

Pre-analytic factors—factors that may affect test 
performance prior to analysis specimen collection, 
processing, handling, and delivery to testing site.

Relative test performance—Diagnostic accuracy 
(sensitivity, specificity) when compared to another test that 
is not the gold standard.

Repeatability—Replication of results when the assay is 
performed multiple times on a single specimen.

Transcription—the copying of DNA into mRNA in gene 
expression.

References
1.  American Cancer Society. Colorectal Cancer Facts & Figures  

2011-2013. Atlanta: American Cancer Society; 2011. 

2.  Whitlock EP, Lin J, Liles E, et al. Screening for colorectal cancer: 
an updated systematic review. Report No. 08-05-05124-EF-1. 
Rockville, MD: Agency for Healthcare Research & Quality; 
October 2008. PMID: 20722162.

3.  Agency for Healthcare Research and Quality. Screening 
for colorectal cancer: U.S. Preventive Services Task Force 
recommendation statement. Ann Intern Med. 2008;149(9):627-37. 
PMID: 18838716.

4.  Levin B, Lieberman DA, McFarland B, et al. Screening and 
surveillance for the early detection of colorectal cancer and 
adenomatous polyps, 2008: a joint guideline from the American 
Cancer Society, the U.S. Multi-Society Task Force on Colorectal 
Cancer, and the American College of Radiology. Gastroenterology. 
2008 Mar 5;58(5):130-60. PMID: 18322143.

5.  Burt RW. Colorectal cancer screening. Curr Opin Gastroenterol. 
2010 Sep;26(5):466-70. PMID: 20664346.

6.  Potack J, Itzkowitz SH. Practical advances in stool screening for 
colorectal cancer. J Natl Compr Canc Netw. 2010 Jan;8(1):81-92. 
PMID: 20064291.

7.  Anderson WF, Guyton KZ, Hiatt RA, et al. Colorectal cancer 
screening for persons at average risk. J Natl Cancer Inst.  
2002 Aug 7;94(15):1126-33. PMID: 12165637.

8.  DNA Direct. Who Should Consider ColoSure™ Colon Cancer 
Screening? San Francisco: DNA Direct Incorporated; 2011.  
https://www.dnadirect.com/web/article/screening-tests/colosure-
stool-dna-testing/24/who-should-consider-screening. Accessed  
July 20, 2011. 

9. Agency for Healthcare Research and Quality. U.S. Preventive 
Services Task Force Procedure Manual. AHRQ Publication No. 
08-05118-EF. Rockville, MD: Agency for Healthcare Research 
and Quality; 2008. http://www.uspreventiveservicestaskforce.org/
uspstf08/methods/procmanual htm. 

10.  Teutsch SM, Bradley LA, Palomaki GE, et al. The evaluation of 
genomic applications in practice and prevention (EGAPP) initiative: 
methods of the EGAPP working group. Genet Med.  
2009 Jan;11(1):3-14. PMID: 18813139.

11.  Wells GA, Shea B, O’Connell D, et al. The Newcastle-Ottawa Scale 
(NOS) for assessing the quality of nonrandomised studies in  
meta-analyses. Ottawa: Ottawa Hospital Research Institute; 2011.  
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp. 
Accessed March 11, 2011. 

12.  Whiting P, Rutjes AW, Reitsma JB, et al. The development of 
QUADAS: a tool for the quality assessment of studies of diagnostic 
accuracy included in systematic reviews. BMC Med Res Methodol. 
2003 Nov 10;3:25. PMID: 14606960.

13.  Owens DK, Lohr KN, Atkins D, et al. AHRQ series paper 5: 
grading the strength of a body of evidence when comparing medical 
interventions—Agency for Healthcare Research and Quality and 
The Effective Health-Care Program. J Clin Epidemiol.  
2010 May;63(5):513-23. PMID: 19595577.

14.  Ahlquist DA, Sargent DJ, Loprinzi CL, et al. Stool DNA and occult 
blood testing for screen detection of colorectal neoplasia.  
Ann Intern Med. 2008 Oct 1;149(7):441-50. PMID: 18838724.

15.  Imperiale TF, Ransohoff DF, Itzkowitz SH, et al. Fecal DNA versus 
fecal occult blood for colorectal-cancer screening in an average-risk 
population. N Engl J Med. 2004;2004(26):2704-14.  
PMID: 15616205.

16.  Haug U, Hillebrand T, Bendzko P, et al. Mutant-enriched PCR and 
allele-specific hybridization reaction to detect K-ras mutations in 
stool DNA: high prevalence in a large sample of older adults.  
Clin Chem. 2007 Apr;53(4):787-90. PMID: 17317884.



8

17.  Li M, Chen WD, Papadopoulos N, et al. Sensitive digital 
quantification of DNA methylation in clinical samples.  
Nat Biotechnol. 2009 Sep;27(9):858-63. PMID: 19684580.

18.  Zou H, Harrington J, Rego RL, et al. A novel method to capture 
methylated human DNA from stool: implications for colorectal 
cancer screening. Clin Chem. Clin Chem. 2007 Sep;53(9):1646-51. 
PMID: 17712002.

19.  Chen WD, Han ZJ, Skoletsky J, et al. Detection in fecal DNA of 
colon cancer-specific methylation of the nonexpressed vimentin 
gene. J Natl Cancer Inst. 2005 Aug 3;97(15):1124-32.  
PMID: 16077070.

20.  Itzkowitz SH, Jandorf L, Brand R, et al. Improved fecal DNA test 
for colorectal cancer screening. Clin Gastroenterol Hepatol.  
2007 Jan;5(1):111-7. PMID: 17161655.

21.  Schroy PC, III, Heeren TC. Patient perceptions of stool-based 
DNA testing for colorectal cancer screening. Am J Prev Med. 
2005;2005(2):208-14. PMID: 15710277.

22.  Berger BM, Schroy PC, III, Rosenberg JL, et al. Colorectal 
cancer screening using stool DNA analysis in clinical practice: 
early clinical experience with respect to patient acceptance and 
colonoscopic follow-up of abnormal tests. Clin Colorectal Cancer. 
2006 Jan;5(5):338-43. PMID: 16512992.

23.  Schroy PC, III, Lal S, Glick JT, et al. Patient preferences for 
colorectal cancer screening: how does stool DNA testing fare?  
Am J Manag Care. 2007;13(6):393-400. PMID: 17620034.

24.  Marshall DA, Johnson FR, Phillips KA, et al. Measuring patient 
preferences for colorectal cancer screening using a choice-format 
survey. Value Health. 2007 Sep;10(5):415-30. PMID: 17888107.

25.  Marshall DA, Johnson FR, Kulin NA, et al. How do physician 
assessments of patient preferences for colorectal cancer screening 
tests differ from actual preferences? A comparison in Canada and 
the United States using a stated-choice survey. Health Econ.  
2009 Dec;18(12):1420-39. PMID: 19191268.

26.  Lijmer JG, Mol BW, Heisterkamp S, et al. Empirical evidence 
of design-related bias in studies of diagnostic tests. JAMA 
1999;282(11):1061-6. PMID: 10493205.

27.  Whiting P, Rutjes AW, Reitsma JB, et al. Sources of variation and 
bias in studies of diagnostic accuracy: a systematic review.  
Ann Intern Med. 2004 Feb 3;140(3):189-202. PMID: 14757617.

28.  Bosch LJ, Carvalho B, Fijneman RJ, et al. Molecular tests for 
colorectal cancer screening. Clin Colorectal Cancer.  
2011 Mar 1;10(1):8-23. PMID: 21609931.

29.  Ahlquist DA, Skoletsky JE, Boynton KA, et al. Colorectal cancer 
screening by detection of altered human DNA in stool: feasibility  
of a multitarget assay panel. Gastroenterology.  
2000 Nov;119(5):1219-27. PMID: 11054379.

30.  Tagore KS, Lawson MJ, Yucaitis JA, et al. Sensitivity and 
specificity of a stool DNA multitarget assay panel for the detection 
of advanced colorectal neoplasia. Clin Colorectal Cancer.  
2003 May;3(1):47-53. PMID: 12777192.

31.  Calistri D, Rengucci C, Bocchini R, et al. Fecal multiple molecular 
tests to detect colorectal cancer in stool. Clin Gastroenterol Hepatol. 
2003 Sep;1(5):377-83. PMID: 15017656.

32.  Brand RE, Ross ME, Shuber AP. Reproducibility of a multitarget 
stool-based DNA assay for colorectal cancer detection.  
Am J Gastroenterol. 2004 Jul;99(7):1338-41. PMID: 15233675.

33.  Syngal S, Stoffel E, Chung D, et al. Detection of stool DNA 
mutations before and after treatment of colorectal neoplasia.  
Cancer. 2006 Jan 15;106(2):277-83. PMID: 16342248.

34.  Whitney D, Skoletsky J, Moore K, et al. Enhanced retrieval of  
DNA from human fecal samples results in improved performance  
of colorectal cancer screening test. J Mol Diagn.  
2004 Nov;6(4):386-95. PMID: 15507679.

35.  Olson J, Whitney DH, Durkee K, et al. DNA stabilization is critical 
for maximizing performance of fecal DNA-based colorectal cancer 
tests. Diagn Mol Pathol. 2005 Sep;14(3):183-91. PMID: 16106201.

36.  Itzkowitz S, Brand R, Jandorf L, et al. A simplified, noninvasive 
stool DNA test for colorectal cancer detection. Am J Gastroenterol. 
2008 Nov;103(11):2862-70. PMID: 18759824.

37.  Baek YH, Chang E, Kim YJ, et al. Stool methylation-specific 
polymerase chain reaction assay for the detection of  
colorectal neoplasia in Korean patients. Dis Colon Rectum.  
2009 Aug;52(8):1452-9. PMID: 19617759.

38.  Zou H, Allawi H, Cao X, et al. Sensitive quantification of vimentin 
methylation with a novel methylation specific qInvader technology. 
Clin Chem. 2010 Sep;56(6 Suppl.):D-144.



9

Ta
b
le

 A
. 
D

ev
el

o
p
m

en
t 

o
f 

fe
ca

l D
N

A
 t

es
ti
n
g
 f

o
r 

co
lo

re
ct

a
l c

a
n
ce

r 
sc

re
en

in
g

N
ex

t-
 

G
en

er
a
ti
o
n
 

V
er

si
o
n
 3

.0
†

N
ot

 a
va

ila
bl

e‡

N
D

RG
4 

an
d 

BM
P3

 
m

et
hy

la
tio

n 

7 
po

in
t m

ut
at

io
ns

 
K

RA
S 

ex
on

 2

A
ls

o 
in

cl
ud

es
 F

ec
al

 
Im

m
un

oc
he

m
ic

al
 

Te
st

 (F
IT

)

Ex
pe

ct
ed

  
20

11
-2

01
2

Ex
pe

ct
ed

 2
01

3

C
o
lo

Su
re

™
 

sD
N

A
  

V
er

si
o
n
 2

.2

20
08

-p
re

se
nt

 a
s 

a 
C

LI
A

 re
gu

la
te

d 
LD

T

V
im

en
tin

 
m

et
hy

la
tio

n

C
he

n,
 2

00
51

9  
Itz

ko
w

itz
, 2

00
72

0§
 

Itz
ko

w
itz

, 2
00

83
6§

 
B

ae
k,

 2
00

93
7§

 
Li

, 2
00

91
7  

Zo
u,

 2
01

03
8

sD
N

A
  

V
er

si
o
n
 2

.1

N
ot

 im
pl

em
en

te
d 

fo
r c

lin
ic

al
 u

se

V
im

en
tin

 
m

et
hy

la
tio

n

D
IA

Itz
ko

w
itz

, 2
00

83
6

sD
N

A
 V

er
si

o
n
 2

.0

N
ot

 im
pl

em
en

te
d 

fo
r 

cl
in

ic
al

 u
se

V
im

en
tin

 m
et

hy
la

tio
n 

Po
in

t m
ut

at
io

ns
 in

 A
PC

 
an

d 
K

RA
S

Itz
ko

w
itz

, 2
00

72
0

A
hl

qu
is

t, 
20

08
14

P
re

G
en

 P
lu

s™
 

sD
N

A
  

V
er

si
o
n
 1

.1

20
03

-2
00

8 
as

 a
 

C
LI

A
 re

gu
la

te
d 

LD
T

Sa
m

e 
23

 m
ol

ec
ul

ar
 

m
ar

ke
rs

 a
s 

pr
ot

ot
yp

e 
 

(s
D

N
A

 1
.0

)

W
hi

tn
ey

 2
00

43
4  

O
ls

on
 2

00
53

5

P
ro

to
ty

p
e 

sD
N

A
 

V
er

si
o
n
 1

.0

N
ot

 im
pl

em
en

te
d 

fo
r 

cl
in

ic
al

 u
se

21
 p

oi
nt

 m
ut

at
io

ns
 in

 
AP

C
, K

RA
S,

 a
nd

 T
P5

3

O
ne

 m
ic

ro
sa

te
lli

te
 

in
st

ab
ili

ty
 m

ar
ke

r, 
BA

T-
26

O
ne

 lo
ng

 D
N

A
 

m
ar

ke
r, 

D
N

A
 In

te
gr

ity
 

A
ss

ay
 (D

IA
)

A
hl

qu
is

t, 
20

00
29

 
Ta

go
re

, 2
00

33
0  

C
al

is
tri

, 2
00

33
1  

B
ra

nd
, 2

00
43

2   
Sy

ng
al

, 2
00

63
3  

Im
pe

ria
le

, 2
00

41
5  

A
hl

qu
is

t, 
20

08
14

Te
st

 D
et

a
ils

M
ar

ke
t 

av
ai

la
bi

lit
y

G
en

et
ic

 m
ar

ke
rs

*

Ev
id

en
ce

: T
es

t 
de

ve
lo

pm
en

t 
an

d/
or

 in
iti

al
 

va
lid

at
io

n

Ev
id

en
ce

: T
es

t 
va

lid
at

io
n 

in
 

ta
rg

et
 p

op
ul

at
io

n

sD
N

A
 =

 st
oo

l D
N

A
; C

LI
A

 =
 C

lin
ic

al
 L

ab
or

at
or

y 
Im

pr
ov

em
en

t A
m

en
dm

en
ts

; L
D

T 
= 

la
bo

ra
to

ry
-d

ev
el

op
ed

 te
st

; D
IA

 =
 D

N
A

 in
te

gr
ity

 a
ss

ay
;  

FI
T 

= 
fe

ca
l i

m
m

un
oc

he
m

ic
al

 te
st

 
* F

ul
l i

nf
or

m
at

io
n 

on
 g

en
es

 c
an

 b
e 

fo
un

d 
at

 h
ttp

://
w

w
w.

nc
bi

.n
lm

.n
ih

.g
ov

/g
en

e.
 

† E
xa

ct
 S

ci
en

ce
s. 

Se
co

nd
-Q

ua
rte

r 2
01

1 
Ea

rn
in

gs
 C

al
l; 

20
11

 A
ug

us
t 2

. M
ad

is
on

, W
I: 

Ex
ac

t S
ci

en
ce

s C
or

po
ra

tio
n;

 2
01

1.
 

‡ F
D

A
 su

bm
is

si
on

 fo
r p

re
m

ar
ke

t a
pp

ro
va

l o
r c

le
ar

an
ce

 p
la

nn
ed

 fo
r l

at
e 

20
12

. 
§ S

tu
di

es
 a

dd
re

ss
ed

 m
ul

tip
le

 m
ar

ke
rs

 b
ut

 in
cl

ud
ed

 d
at

a 
on

 v
im

en
tin

 a
s a

n 
in

di
vi

du
al

 m
ar

ke
r. 



10

Ta
b
le

 B
. 
D

ia
g
n
o
st

ic
 a

cc
u
ra

cy
 o

f 
fe

ca
l D

N
A

 t
es

ti
n
g
 in

 s
cr

ee
n
in

g
 p

o
p
u
la

ti
o
n
s 

(K
Q

2
)

Sp
ec

ifi
ci

ty
  

(9
5
%

 C
I)

95
%

 (9
4-

96
%

)

N
ot

 a
pp

lic
ab

le

96
%

 (9
5-

97
%

)

N
R

N
R

N
R

N
R

N
R

92
.8

%
 (9

2.
0-

93
.5

%
)*

N
ot

 c
al

cu
la

te
d

93
.6

%
 (9

2.
9-

94
.3

%
)*

94
.6

%
 (9

4.
0-

95
.3

%
)*

N
ot

 c
al

cu
la

te
d

95
.2

%
 (9

4.
6-

95
.8

%
)*

Se
n
si

ti
vi

ty
  

(9
5
%

 C
I)

25
%

 (5
-5

7%
)

19
%

 (5
-4

2%
)

20
%

 (1
4-

26
%

)

58
%

 (3
6-

80
%

)*

39
%

 (2
6-

52
%

)*

40
%

 (3
2-

49
%

)

0%
 (N

R
)

0%
 (N

R
)

51
.6

%
 (3

4.
8 

to
 6

8.
0%

)

15
.1

%
 (1

2.
0 

to
 1

9.
0%

)

17
.7

%
 (N

R
)

12
.9

%
 (5

.1
 to

 2
8.

9%
)

10
.7

%
 (8

.0
 to

 1
4.

1%
)

10
.8

%
 (N

R
)

Ty
p
e 

o
f 

Le
si

o
n
 

D
et

ec
te

d

C
R

C

A
dv

an
ce

d 
ad

en
om

as

C
R

C
 +

 a
dv

an
ce

d 
ad

en
om

as

C
R

C
A

dv
an

ce
d 

ad
en

om
as

C
R

C
 +

 a
dv

an
ce

d 
ad

en
om

as
C

R
C

A
dv

an
ce

d 
ad

en
om

as

C
R

C

A
dv

an
ce

d 
ad

en
om

as

C
R

C
 +

 a
dv

an
ce

d 
ad

en
om

as

C
R

C

A
dv

an
ce

d 
ad

en
om

as
C

R
C

 +
 a

dv
an

ce
d 

ad
en

om
as

C
o
m

p
le

ti
o
n
 

R
a
te

98
.2

%
 

(3
,7

66
/3

,8
34

)

98
.2

%
 

(3
,7

66
/3

,8
34

)

N
R

88
.3

%
 

(4
,8

45
/5

,4
86

)

92
.2

%
 

(5
,0

60
/5

,4
86

)

Te
st

  
P
o
si

ti
vi

ty

5.
2%

 
(1

29
/2

,4
97

)

35
%

 
(7

7/
21

7)

8%
 

(7
0/

87
5)

8.
2%

 
(2

05
/2

,5
05

)

5.
8%

 
(1

46
/2

,5
05

)

Te
st

SD
T-

1 
 

(p
ro

to
ty

pe
 sD

N
A

 
ve

rs
io

n 
1.

0)

SD
T-

2 
(s

D
N

A
 

ve
rs

io
n 

2.
0)

K
RA

S 
te

st
in

g

SD
T-

1 
 

(p
ro

to
ty

pe
 sD

N
A

 
ve

rs
io

n 
1.

0)

H
em

oc
cu

lt 
II

™

C
R
C
 

P
re

va
le

n
ce

0.
5%

 
(1

9/
3,

76
4)

1.
6%

 (N
R

)

0.
7%

 
(3

1/
4,

40
4)

A
u
th

o
r,

 
Ye

a
r

A
hl

qu
is

t, 
20

08
14

H
au

g,
 

20
07

16

Im
pe

ria
le

, 
20

04
15

C
R

C
 =

 c
ol

or
ec

ta
l c

an
ce

r; 
N

R
 =

 n
ot

 re
po

rte
d 

(a
nd

 u
na

bl
e 

to
 c

al
cu

la
te

); 
SD

T-
1 

= 
sD

N
A

 v
er

si
on

 1
.0

; S
D

T-
2 

= 
sD

N
A

 v
er

si
on

 2
.0

 
* W

ei
gh

te
d 

se
ns

iti
vi

tie
s a

nd
 C

I c
al

cu
la

te
d.

 
R

ef
er

en
ce

 st
an

da
rd

: c
ol

on
os

co
py

.

 



11

Ta
b
le

 C
. 
Li

m
it
a
ti
o
n
s 

a
n
d
 q

u
a
lit

y
 c

o
n
ce

rn
s 

fo
r 

d
ia

g
n
o
st

ic
 a

cc
u
ra

cy
 s

tu
d
ie

s 
o
f 

fe
ca

l D
N

A
 t

es
ti
n
g

A
p
p
lic

a
b
ili

ty
 C

o
n
ce

rn
s

M
os

tly
 W

hi
te

 p
at

ie
nt

 p
op

ul
at

io
n 

(in
 c

om
pa

ris
on

 to
 

ge
ne

ra
l U

.S
. p

op
ul

at
io

n)
.

N
ei

th
er

 S
D

T-
1 

or
 S

D
T-

2 
w

er
e 

ev
er

 a
va

ila
bl

e 
fo

r 
cl

in
ic

al
 u

se
 a

nd
 b

ot
h 

ar
e 

ve
ry

 d
iff

er
en

t t
es

ts
 c

om
pa

re
d 

to
 c

ur
re

nt
ly

 a
va

ila
bl

e 
(a

nd
 so

on
 to

 b
e 

av
ai

la
bl

e)
 

te
st

in
g.

U
nc

le
ar

 h
ow

 p
at

ie
nt

 se
le

ct
io

n 
w

as
 p

er
fo

rm
ed

, n
 

el
ig

ib
le

 n
ot

 re
po

rte
d.

H
ig

he
r C

R
C

 p
re

va
le

nc
e 

in
 p

at
ie

nt
s a

na
ly

ze
d,

 h
ig

he
r 

pe
rc

en
t o

f p
at

ie
nt

s w
ith

 fi
rs

t d
eg

re
e 

re
la

tiv
e 

w
ith

 C
R

C
 

in
 n

 a
na

ly
ze

d 
th

an
 fu

ll 
st

ud
y 

po
pu

la
tio

n.

Ex
cl

us
io

n 
of

 2
0%

 o
f e

nr
ol

le
d 

st
ud

y 
po

pu
la

tio
n 

du
e 

to
 

in
co

m
pl

et
e 

te
st

in
g,

 c
ha

ra
ct

er
is

tic
s f

or
 e

xc
lu

de
d 

pe
rs

on
s 

no
t r

ep
or

te
d,

 n
 e

lig
ib

le
 n

ot
 re

po
rte

d.

Pe
rs

on
s 6

5 
ye

ar
s o

f a
ge

 a
nd

 o
ve

r w
er

e 
di

sp
ro

po
rti

on
at

el
y 

re
pr

es
en

te
d 

in
 th

e 
st

ud
y 

po
pu

la
tio

n.

Te
st

 e
va

lu
at

ed
 w

as
 n

ev
er

 a
va

ila
bl

e 
fo

r c
lin

ic
al

 u
se

 a
nd

 
is

 a
 v

er
y 

di
ffe

re
nt

 te
st

 c
om

pa
re

d 
to

 c
ur

re
nt

ly
 a

va
ila

bl
e 

(a
nd

 so
on

 to
 b

e 
av

ai
la

bl
e)

 te
st

in
g.

Q
u
a
lit

y
 C

o
n
ce

rn
s

Sm
al

l s
am

pl
e 

si
ze

 fo
r S

D
T-

2 
w

ith
 li

m
ite

d 
sa

m
pl

in
g 

of
 c

on
tro

ls
, a

ut
ho

rs
 tr

ie
d 

to
 w

ei
gh

t s
en

si
tiv

ity
 

fo
r p

ro
po

rti
on

 o
f s

cr
ee

n 
re

le
va

nt
 n

eo
pl

as
ia

 in
 th

e 
en

tir
e 

po
pu

la
tio

n,
 b

ut
 d

id
 n

ot
 p

re
se

nt
ed

 w
ei

gh
te

d 
ad

ju
st

m
en

t f
or

 a
ll 

ou
tc

om
es

.

Po
or

 p
re

ci
si

on
 a

ro
un

d 
ou

tc
om

e 
m

ea
su

re
s.

Su
bs

et
 o

f p
at

ie
nt

s d
id

 n
ot

 g
et

 in
st

ru
ct

io
ns

 o
n 

di
et

ar
y 

re
st

ric
tio

ns
 re

qu
ire

d 
fo

r F
O

B
T,

 v
er

y 
lo

w
 

se
ns

iti
vi

tie
s r

ep
or

te
d 

fo
r F

O
B

T 
w

hi
ch

 a
re

 n
ot

 
co

ns
is

te
nt

 w
ith

 b
es

t k
no

w
n 

es
tim

at
es

.

A
pp

lic
at

io
n 

of
 re

fe
re

nc
e 

st
an

da
rd

 w
as

 o
pp

or
tu

ni
st

ic
 

(p
at

ie
nt

 w
ho

 g
ot

 c
ol

on
os

co
py

 w
er

e 
re

fe
rr

ed
 fo

r 
co

lo
no

sc
op

y)
. 

Av
er

ag
e 

tim
e 

be
tw

ee
n 

in
de

x 
an

d 
re

fe
re

nc
e 

te
st

s n
ot

 
pr

es
en

te
d,

 p
at

ie
nt

s h
ad

 to
 h

av
e 

co
lo

no
sc

op
y 

w
ith

in
 

2 
ye

ar
s.

A
na

ly
si

s f
oc

us
ed

 o
n 

su
bs

et
 o

f p
at

ie
nt

s, 
on

ly
 b

as
ic

 
de

m
og

ra
ph

ic
 d

at
a 

pr
es

en
te

d 
de

ta
ili

ng
 d

iff
er

en
ce

s 
be

tw
ee

n 
fu

ll 
co

ho
rt 

an
d 

an
al

yz
ed

 su
bs

et
.

Po
or

 p
re

ci
si

on
 a

ro
un

d 
ou

tc
om

e 
m

ea
su

re
s.

Ve
ry

 lo
w

 se
ns

iti
vi

tie
s r

ep
or

te
d 

fo
r F

O
B

T 
w

hi
ch

 a
re

 
no

t c
on

si
st

en
t w

ith
 b

es
t k

no
w

n 
es

tim
at

es
.

Q
u
a
lit

y
 R

a
ti
n
g

SD
T-

1:
 F

ai
r 

SD
T-

2:
 P

oo
r 

FO
B

T:
 P

oo
r

Po
or

Fa
ir 

A
u
th

o
r,

 Y
ea

r

A
hl

qu
is

t, 
20

08
14

H
au

g,
 2

00
71

6

Im
pe

ria
le

, 2
00

41
5

C
R

C
 =

 c
ol

or
ec

ta
l c

an
ce

r; 
FO

B
T 

= 
fe

ca
l o

cc
ul

t b
lo

od
 te

st
; S

D
T 

= 
sD

N
A

 v
er

si
on

 1
.0

; S
D

T-
2 

= 
sD

N
A

 v
er

si
on

 2
.0



12

Ta
b
le

 D
. 

A
n
a
ly

ti
c 

va
lid

it
y
 o

f 
fe

ca
l D

N
A

 t
es

ti
n
g

A
p
p
lic

a
b
ili

ty
 C

o
n
ce

rn
s

M
os

tly
 p

er
fo

rm
ed

 in
 p

la
sm

a 
sa

m
pl

es
 n

ot
 st

oo
l s

am
pl

es
.

M
et

hy
l-B

EA
M

in
g 

m
et

ho
d 

do
es

 n
ot

 a
pp

ea
r t

o 
be

 u
se

d 
in

 a
ss

ay
 st

ud
ie

d 
(K

Q
2)

 o
r 

cu
rr

en
tly

 a
va

ila
bl

e 
te

st
in

g.

U
nk

no
w

n 
if 

M
B

D
 c

ol
um

n 
is

 u
se

d 
in

 a
ss

ay
 st

ud
ie

d 
(K

Q
2)

 o
r c

ur
re

nt
ly

 a
va

ila
bl

e 
te

st
in

g.

N
ot

 c
on

du
ct

ed
 in

 st
oo

l 
sa

m
pl

es
. 

Q
u
a
lit

y
 C

o
n
ce

rn
s

Po
or

: S
m

al
l s

am
pl

e 
si

ze
 (n

=1
 

se
rie

s o
f d

ilu
tio

n)
 a

nd
 p

oo
r 

re
po

rti
ng

, u
nc

le
ar

 if
 e

xp
er

im
en

ts
 

w
er

e 
re

pe
at

ed
 a

nd
 re

su
lts

 
re

pl
ic

at
ed

.

Po
or

: S
m

al
l s

am
pl

e 
si

ze
s, 

un
cl

ea
r 

if 
ex

pe
rim

en
t i

n 
ca

nc
er

 c
el

l l
in

es
 

re
pe

at
ed

 a
nd

 re
su

lts
 re

pl
ic

at
ed

; 
ex

pe
rim

en
t i

n 
st

oo
l s

am
pl
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(n
=5

), 
re
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lts

 o
nl

y 
ap

pe
ar
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 b

e 
re

po
rte

d 
fo

r 4
 o

f 5
 sa

m
pl

es
.

Po
or

: S
m

al
l s

am
pl

e 
si

ze
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 se
rie

s o
f d

ilu
tio

n)
, u

nc
le

ar
 

if 
ex

pe
rim

en
ts

 w
er

e 
re

pe
at

ed
 a

nd
 

re
su

lts
 re

pl
ic

at
ed

.  
   

   
   

 

Po
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: S
m

al
l s
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pl

e 
si

ze
 (n
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).
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: S
m

al
l s
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pl

e 
si

ze
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=1

 se
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s o
f d

ilu
tio

n)
, u

nc
le

ar
 

if 
ex

pe
rim

en
ts

 w
er

e 
re

pe
at

ed
 a

nd
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su

lts
 re

pl
ic

at
ed

.
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u
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o
m
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Lo
w

er
 li

m
it 
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 d

et
ec

tio
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%
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s)
 

m
et
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te
d 

D
N

A
 d

et
ec

te
d 

us
in

g 
m

et
hy
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B

EA
M

in
g 

ve
rs
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 n

o 
de

te
ct

io
n 
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%
 w
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t 
m

et
hy

l-B
EA

M
in

g.

A
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ur
ac

y 
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om
pa

re
d 
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 n

ex
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en
er

at
io

n 
se

qu
en

ci
ng

): 
en

um
er

at
io

n 
of

 m
et

hy
la

tio
n 
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m
et
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l-B

EA
M

in
g 

(0
.0
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%
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nd
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fe
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e 
st

an
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rd
 (0

.0
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%
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ca

nc
er

 c
el

l l
in
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; 

en
um

er
at

io
n 

of
 m

et
hy

la
tio

n 
by

 m
et

hy
l-B

EA
M

in
g 

(1
0.

8%
) a

nd
 re

fe
re

nc
e 

st
an

da
rd

 (1
1.

35
%
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n 

st
oo

l 
sa

m
pl

e 
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su
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ta
nt

ia
te

d 
in

 3
 o

th
er

 sa
m

pl
es
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.

Lo
w

er
 li

m
it 

of
 d

et
ec

tio
n 

(in
 st

oo
l w

ith
 c

el
l l

in
e 

D
N

A
 a

dd
ed

): 
m

et
hy

la
te

d 
vi

m
en

tin
 w

as
 d

et
ec

ta
bl

e 
in

 st
oo

l a
liq

uo
ts
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 w

hi
ch

 1
0 

an
d 

50
 n

g 
ca

nc
er

 
ce

ll 
lin

e 
D

N
A

, b
ut

 n
ot

 th
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e 
w

ith
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 a
nd

 2
 n

g 
us

in
g 

M
B

D
 e

nr
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hm
en

t; 
ve

rs
us

 n
ot

 d
et

ec
ta

bl
e 

in
 

an
y 

st
oo

l a
liq

uo
t w

ith
ou

t M
B

D
 e

nr
ic

hm
en

t.

Lo
w

er
 li

m
it 

of
 d

et
ec

tio
n 

(in
 st

oo
l f

ro
m

 C
R

C
 

pa
tie

nt
s)

: m
et

hy
la

te
d 

vi
m

en
tin

 w
as

 d
et

ec
te

d 
in

 
4 

C
R

C
 st

oo
l s

am
pl

es
 (4

-8
32

 n
g 

hu
m

an
 D

N
A

), 
bu

t n
ot

 d
et

ec
te

d 
in

 th
e 

ot
he

r 4
 sa

m
pl

es
 (0

.5
-1

0 
ng

 h
um

an
 D

N
A

) u
si

ng
 M

B
D

 e
nr

ic
hm

en
t; 

ve
rs

us
 

on
ly

 1
 C

R
C

 st
oo

l s
am

pl
e 

(8
32

 n
g 

hu
m

an
 D

N
A

) 
w

ith
ou

t M
B

D
 e

nr
ic

hm
en

t.

Lo
w

er
 li

m
it 

of
 d

et
ec

tio
n 

(in
 n

or
m

al
 m

uc
os

a 
w

ith
 

ce
ll 

lin
e 

D
N

A
 a

dd
ed

): 
PC

R
 c

ou
ld

 d
et

ec
t a

s l
itt

le
 

as
 2

5-
50

 p
g 

of
 m

et
hy

la
te

d 
D

N
A

 in
 th

e 
pr

es
en

ce
 

of
 a

 5
00

-to
 1

,0
00

-f
ol

d 
ex

ce
ss

 o
f n

or
m

al
 m

uc
os

al
 

D
N

A
.

Ex
p
er

im
en

ta
l A

im

To
 te

st
 m

et
hy

l-
B

EA
M

in
g 

in
 th

e 
de

te
ct

io
n 

of
 m

et
hy

la
te

d 
vi

m
en

tin
 D

N
A

 in
 

pl
as

m
a 

an
d 

st
oo

l f
ro

m
 

C
R

C
 p

at
ie

nt
s

To
 te

st
 w

he
th

er
 m

et
ho

d 
us

in
g 

m
et

hy
l-b

in
di

ng
 

do
m

ai
n 

(M
B

D
) 

co
ul

d 
in

cr
ea

se
 a

ss
ay

 
se

ns
iti

vi
ty

 fo
r d

et
ec

tin
g 

m
et

hy
la

te
d 

m
ar

ke
rs

 in
 

st
oo

l

To
 te

st
 th

e 
te

ch
ni

ca
l 

lim
its

 to
 th

e 
se

ns
iti

vi
ty

 
of

 a
ss

ay
 o

f m
et

hy
la

te
d 

vi
m

en
tin

A
u
th

o
r,

 
Ye

a
r

Li
, 2

00
91

7

Zo
u,

 
20

07
18

C
he

n,
 

20
05

19

C
R

C
 =

 c
ol

or
ec

ta
l c

an
ce

r; 
M

B
D

 =
 m

et
hy

l-b
in

di
ng

 d
om

ai
n;

 P
C

R
 =

 p
ol

ym
er

as
e 

ch
ai

n 
re

ac
tio

n
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b
le

 E
. 

P
a
ti
en

t 
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n
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a
n
d
 a
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ep

ta
b
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f 
fe

ca
l D

N
A
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es

ti
n
g

A
p
p
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a
b
ili

ty
 C

o
n
ce

rn
s

Fi
na

nc
ia

l c
om

pe
ns

at
io

n 
gi

ve
n 

fo
r s

ur
ve

y;
 F

IT
s w

er
e 

no
t i

nc
lu

de
d 

as
 a

 sc
re

en
in

g 
op

tio
n.

C
an

ad
ia

n 
pa

rti
ci

pa
nt

s 
ag

e 
40

-6
0 

ye
ar

s o
ld

; C
T 

co
lo

no
gr

ap
hy

 o
pt

io
n 

is
 

w
ith

ou
t b

ow
el

 p
re

pa
ra

tio
n 

(b
ow

el
 p

re
p 

is
 p

ar
t o

f 
pr

ot
oc

ol
 in

 U
.S

. b
as

ed
 

pr
ac

tic
e)

; F
IT

s w
er

e 
no

t 
in

cl
ud

ed
 a

s a
 sc

re
en

in
g 

op
tio

n.

Pa
rti

ci
pa

nt
s l

ik
el

y 
kn

ew
 

th
ei

r d
ia

gn
os

is
 (i

f t
he

y 
ha

d 
C

R
C

 o
r n

ot
) a

t t
he

 ti
m

e 
of

 fe
ca

l D
N

A
 te

st
in

g 
an

d 
re

sp
on

di
ng

 to
 q

ue
st

io
nn

ai
re

.

Q
u
a
lit

y
 C

o
n
ce

rn
s

Fa
ir:

 re
sp

on
se

 ra
te

 n
ot

 
re

po
rte

d.

Po
or

: l
ac

k 
of

 re
po

rti
ng

 a
bo

ut
 

m
od

el
 in

pu
ts

, l
ac

k 
of

 in
cl

us
io

n 
of

 a
ll 

re
le

va
nt

 te
st

in
g 

(i.
e.

, 
FI

T)
, n

o 
se

ns
iti

vi
ty

 a
na

ly
se

s 
ar

ou
nd

 im
po

rta
nt

 m
od

el
 

in
pu

ts
.

Fa
ir:

 5
2%

 re
sp

on
se

 ra
te

.

Po
or

: l
ac

k 
of

 re
po

rti
ng

 a
bo

ut
 

m
od

el
 in

pu
ts

, i
nc

or
re

ct
 m

od
el

 
in

pu
ts

 (C
T 

co
lo

no
gr

ap
hy

 
w

ith
ou

t b
ow

el
 p

re
pa

ra
tio

n)
, 

la
ck

 o
f i

nc
lu

si
on

 o
f a

ll 
re

le
va

nt
 te

st
in

g 
(i.

e.
, F

IT
), 

no
 

se
ns

iti
vi

ty
 a

na
ly

se
s a

ro
un

d 
im

po
rta

nt
 m

od
el

 in
pu

ts
.

Po
or

: n
ot

 p
rim

ar
y 

ai
m

 o
f 

st
ud

y,
 n

o 
re

sp
on

se
 ra

te
 

re
po

rte
d,

 n
o 

de
ta

ils
 a

bo
ut

 
qu

es
tio

nn
ai

re
 (i

te
m

s a
ss

es
se

d)
, 

lim
ite

d 
re

po
rti

ng
 o

f r
es

ul
ts

.

O
u
tc

o
m

es

Pa
tie

nt
s’ 

te
st

 p
re

fe
re

nc
es

: n
on

-in
va

si
ve

, 
do

 n
ot

 re
qu

ire
 re

pe
at

ed
 m

ea
su

re
m

en
ts

 
ov

er
 ti

m
e,

 n
o 

pa
in

, n
o 

pr
ep

ar
at

io
n,

 n
o 

co
m

pl
ic

at
io

ns
, a

nd
 h

ig
h 

ac
cu

ra
cy

.

Ph
ys

ic
ia

ns
’ t

es
t p

re
fe

re
nc

es
: c

ha
ng

e 
in

 se
ns

iti
vi

ty
 fr

om
 4

0 
to

 9
0%

, p
ai

n,
 

pr
oc

es
s, 

sp
ec

ifi
ci

ty
, c

om
pl

ic
at

io
n 

ris
k,

 
pr

ep
ar

at
io

n,
 a

nd
 te

st
in

g 
fr

eq
ue

nc
y.

Pa
tie

nt
s’ 

pr
ef

er
re

d 
te

st
s:

 fe
ca

l D
N

A
, 

co
lo

no
sc

op
y 

an
d 

C
T 

co
lo

no
gr

ap
hy

.

Ph
ys

ic
ia

ns
’ p

re
di

ct
io

n 
of

 p
at

ie
nt

’s
 

pr
ef

er
re

d 
te

st
s:

 c
ol

on
os

co
py

, C
T 

co
lo

no
gr

ap
hy

, a
nd

 fe
ca

l D
N

A
.

Pa
tie

nt
s’ 

te
st

 p
re

fe
re

nc
es

: n
on

-in
va

si
ve

, 
no

 p
re

pa
ra

tio
n,

 n
o 

pa
in

, a
nd

 h
ig

h 
ac

cu
ra

cy
.

R
el

at
iv

e 
im

po
rta

nc
e 

of
 te

st
 p

re
fe

re
nc

es
 

(m
os

t t
o 

le
as

t i
m

po
rta

nt
): 

se
ns

iti
vi

ty
, 

sp
ec

ifi
ci

ty
, p

re
pa

ra
tio

n,
 p

ro
ce

ss
, p

ai
n.

 

Pr
ef

er
re

d 
te

st
s (

m
os

t t
o 

le
as

t p
re

fe
rr

ed
): 

C
T 

co
lo

no
gr

ap
hy

, c
ol

on
os

co
py

, 
do

ub
le

 c
on

tra
st

 b
ar

iu
m

 e
ne

m
a,

 fl
ex

ib
le

 
si

gm
oi

do
sc

op
y,

 fe
ca

l D
N

A
, F

O
B

T.

M
os

t p
at

ie
nt

s f
ou

nd
 it

 e
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y 
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 p
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fo
rm

 
th

e 
te

st
 a
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 w

ou
ld

 re
pe

at
 th

e 
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d 
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 th
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r d

oc
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u
d
y
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n
 

N
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a
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ip

a
n
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C
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tio
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l 

su
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 =
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 p

at
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s 
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 =
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M
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C
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-s
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tio
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l 
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M
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C
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tio
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l 

su
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ci
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 d
ia
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ra
cy
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y 

N
 =
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u
d
y
 A

im
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 c
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pa

re
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 a
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n 
pr

ef
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ou
t C

R
C
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g 
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s 
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s p
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ie
nt
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en
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ou
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g 
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s
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 d
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m
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an
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ec
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D
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2 
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co
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 p

at
ie

nt
 

sa
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A
u
th

o
r,
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r

M
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M
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a
b
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s

Pa
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ci
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nt
s w
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e 
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ve

n 
fin
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ci
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 c
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pe
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at

io
n,
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 C

T 
co

lo
no

gr
ap

hy
) w

er
e 

no
t i

nc
lu

de
d 

as
 sc

re
en

in
g 

op
tio

ns
.

Pa
rti

ci
pa

nt
s a

ll 
or

de
re

d 
fe

ca
l 

D
N

A
 te

st
in

g 
ki

t (
w

ith
in

 fi
rs

t 
2 

ye
ar

s i
t w

as
 c

om
m

er
ci

al
ly

 
av

ai
la

bl
e)

, 7
3%

 o
f 

re
sp

on
de

nt
s w

er
e 

le
ss

 th
an

 
65

 y
ea

rs
.

Pa
rti

ci
pa

nt
s i

n 
di
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no

st
ic

 
ac

cu
ra

cy
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ud
y 
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d 

to
 

be
 a
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er

en
t t

o 
te

st
in

g 
an
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w

er
e 

gi
ve

n 
fin

an
ci
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m
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at
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y 
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B

T 
an

d 
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lo
no

sc
op

y 
w

er
e 

ev
al

ua
te

d 
as

 sc
re

en
in

g 
op

tio
ns

.

Q
u
a
lit

y
 C

o
n
ce

rn
s

Po
or

: r
es

po
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e 
ra

te
 n

ot
 

re
po

rte
d;

 p
ar

tic
ip

an
ts

 p
ro

vi
de

d 
w

ith
 in

co
rr

ec
t (

ov
er

es
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at
ed
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in

fo
rm

at
io

n 
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 fe
ca

l D
N

A
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st
 

ac
cu

ra
cy

 d
ur

in
g 
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at
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l 
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un

se
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g;
 w

ill
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o 
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y 
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e 
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 c
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t 
of

 te
st

s w
er
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t p
ro
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de

d 
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pa
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s d
ur

in
g 

ed
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at
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na
l 

co
un

se
lin
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Po
or

: 1
8%

 re
sp

on
se

 ra
te

, 
no

 re
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tiv
e 

ou
tc

om
es

 in
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m

pa
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 to

 o
th

er
 sc

re
en

in
g 
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ir:
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si
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s d
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n 
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st
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al
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 p
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cy
, 

di
sc
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m
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 c
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t p
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l D
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 d
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iu
m

 
en

em
a.

M
os
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l D
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A
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 p
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: c
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s b
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at
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 d
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