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Although there are several guideline-recommended options for colorectal cancer (CRC) 
screening, approximately one-third or 35 million eligible individuals in the United States 
still do not actively participate in any screening program, falling considerably short of 
the American Cancer Society’s nationwide goal to reach a CRC screening rate of 75% 
by 2015. Many experts in the medical community believe an easy to administer, effective 
blood-based screening test will greatly improve this situation. Recently, blood-based tests 
have entered the market in both the United States and Europe. This review discusses these 
newly available tests, their potential and the challenges they must overcome for success.
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Utility of Blood-Based Screening

The rising incidence of CRC worldwide, coupled 
with insufficient participation in screening 
programs calls for alternative screening methods 

along with more effective programmatic efforts to reach 
unscreened individuals (1,2).  Currently the most widely 
used screening methodologies, colonoscopy and fecal 
occult blood tests, have utility in a number of settings. 
However, as ideal CRC screening tools for all eligible 
individuals, they fall short, as evidenced by the fact that 
one in three of the 50 and older population in the United 
States have not been screened (3). There are many 
factors underlying this screening gap. For example, 
colonoscopy, even when reimbursed by health insurance 
providers, may have significant costs to the patient. 
Patient’s objections to the preparatory procedure or 
fear of an invasive procedure lower use of the method. 
Fecal occult blood testing (FOBT), an inexpensive 

non-invasive method, provides an alternative to 
screening colonoscopy, but patient compliance with 
this tool is typically very poor, as patients express 
negative reactions to stool sampling. Recent success 
with FOBT in screening programs, in particular fecal 
immunochemical tests  (FIT), such as those administered 
by managed care organizations instill some hope for 
this method, however, programmatic measures used 
by these organizations to improve compliance to FIT, 
such as patient education and follow-up calls, can add 
substantial costs (4). 

Blood-based screening offers a promising 
alternative to increase individual compliance over 
current methods. Factors supporting this premise 
include greater acceptance by patients, the potential to 
reach populations not served by colonoscopy, and/or 
by appealing to those opposed to stool-based testing. 
Population compliance may be improved by providing 
a more easily implemented screening tool. Patients 
are accustomed to providing a blood sample during 
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routine visits to their family physician or other medical 
provider. Blood-based testing has the advantage of 
removing most obstacles to the patient seen in other 
screening methods in that no bowel preparation is 
needed, no dietary restrictions are required and no 
handling of devices at home is necessary. For CRC 
screening, it can be presumed that, in addition to testing 
by primary care providers, managed care or government 
sponsored blood-based screening programs could be 
implemented at the workplace or in the community 
similarly to prevention programs currently in place.

Search for “Holy Grail”
In 2003 it was purported by Ransohoff that a new 
noninvasive test for cancer could be on the horizon 
(5). This so-called “Holy Grail of cancer detection” was 
likely to arise from hypothesis driven research through 
increased understanding of the molecular basis of 
cancer or from discovery based research using the new 
high throughput techniques of determining individual 
disease-associated genes or proteins or patterns 
of RNA expression. Since then numerous potential 
biomarkers for detection of CRC have been reported in 
the literature. These molecular biomarkers, including 
cancer-associated alterations in protein, DNA, RNA (continued on page 32)

and DNA methylation, are reviewed in several recent 
articles (6,7,8). Biomarkers for non-invasive CRC 
screening are described in these articles as measurable 
in stool, urine or blood. Blood tests hold particular 
promise for improving adherence to screening because 
of the ability to incorporate them into routine check-ups 
by primary care physicians or other caregivers. With the 
availability of the first laboratory developed tests for 
detection of CRC in blood, the reality of the screening 
paradigm shown in Figure 1 has become more tangible. 

Available Blood-Based Tests 
Although many novel biomarkers have been described 
as being associated with the presence of CRC, only 
two blood-based tests using such tools are currently 
available commercially in North America and Europe.  
One of these tests, ColonSentryTM, measures mRNA 
expression of seven genes associated with CRC. The 
biomarker panel was identified by analyzing gene 
expression profiles in whole blood samples from CRC 
patients and non-CRC controls and validated using real-
time PCR assays (9, 10) The ColonSentryTM test is 
available from the company GeneNews as a Laboratory 
Developed Test (LDT) in Canada. Product literature 

Figure 1.  Proposed clinical use of a biomarker-based blood test for colorectal cancer.
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(continued from page 30)

indicates the test identifies patients at increased risk 
of having CRC.

Another biomarker that has been developed into a 
commercially available blood-based test is methylated 
Septin 9. Originally discovered through genome wide 
screening for candidate DNA methylation biomarkers 
for cancer (11), methylated Septin 9 (Septin9) was 
validated as being highly sensitive and specific for 
identifying CRC in case control studies using real-time 
PCR (12, 13). Septin9 real-time PCR assays have been 
developed as CE marked in vitro diagnostic (IVD) kits 
by Abbott Molecular Diagnostics and Epigenomics 
AG for commercialization in Europe and Asia and as 
LDTs by Quest Diagnostics and ARUP in the US and 
by Warnex in Canada. 

Comparison to Existing 
Screening Methodologies
Currently there are no reports comparing either 
ColonSentry or Septin9 to fecal occult blood tests. In 
studies of these biomarker assays, clinical status of 
study subjects was determined at colonoscopy or by 
histopathological analysis of surgical specimens from 
individuals found to have CRC. Biomarker performance 
in blood was compared to colonoscopy and/or pathology 
results. For ColonSentry, results based on gene signatures 
obtained from individual test subjects indicated the 
7-gene expression panel exhibited a sensitivity of 72% 
and a specificity of 70% in discriminating individuals 
with CRC from healthy subjects (10). Studies analyzing 
the performance of Septin9 indicate an average 
sensitivity for CRC of 70% with specificity of 90% 
(12, 13). Recently Septin9 biomarker performance 
was determined in a prospective study of average risk 
individuals attending CRC screening by colonoscopy. 
Sensitivity for the CRC subjects, identified through 
the screening process was 67% with specificity of 88% 
(14). For comparison, performance of current FDA 
cleared non-invasive screening methods, colonoscopy 
and the new biomarker assays are shown in Table 1 
along with estimated costs to the payer (insurance 
or patient). Because there are numerous studies for 
FOBT (Hemoccult Sensa) and FIT with widely variable 
reported sensitivities, a range is shown along with an 
average value. Published sensitivity measurements for 
colonoscopy indicate a high sensitivity for CRC, but 
recent studies report widely variable CRC detection 
rates highly dependent on colonoscopy quality (15, 

16). The blood-based assays, although having similar 
sensitivity for CRC as the stool tests, have higher costs 
per test, but the potential programmatic costs could 
be much lower than existing screening methods. The 
published per test costs of fecal tests and colonoscopy 
generally do not include other programmatic costs such 
as mailing kits and patient navigator programs to remind 
patients to perform their FOB testing and rarely include 
the costs incurred to the patient having colonoscopy 
such as lost time at work (17).

Current blood-based assays focus on the detection 
of invasive CRC and reported detection of all advanced 
adenomas is low. Screening for CRC, as reported 
by AHRQ, reduces mortality through detection and 
treatment of early-stage cancer and detection and, in the 
case of screening by colonoscopy, removal of adenomas 
(22). What is not always considered is that advanced 
neoplasms in the colon consist of a broad range of 
pathologies with varying levels of risk to the patients 
(23). Allison warns that the risk of progression of polyps 
to cancer should be weighed when proposing screening 
choices for patients (24). Colorectal lesions greater than 
1 cm are estimated to progress to cancer at a rate of about 
1% per year. Even after twenty years the cumulative 
risk of a large adenoma becoming cancerous is only 
around 24%. The risk of development of cancer from 
smaller adenomas is even lower bringing into question 
the use of colonoscopy as the best screening method for 
all patients. Given the etiology of colorectal neoplasia, 
there appears to be low benefit of colonoscopy over 
other less risky non-invasive methods and it has been 
suggested that the largest reduction in colorectal cancer 
mortality during the 10 years after initial screening most 
likely comes from the detection and removal of early-
stage cancer (22). Ideally a non-invasive screening 
method would identify the lesions most likely to 
become cancerous so that patients can be directed to 
colonoscopy. In the absence of definitive data indicating 
which polyps fit these criteria and data supporting that 
a biomarker detects these particular lesions, regular 
screening using a method that the patient will attend is 
currently the best way to detect cancer at the earliest 
stage possible.

Hurdles to Overcome
Blood-based screening for CRC has much promise for 
the future but must overcome a number of hurdles to 
prove both effective and practical. Intuitively, blood-
based screening should increase patient compliance. 
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Colonoscopy FOBT
(Hemoccult 

Sensa)

FIT
(multiple)

Blood RNA
(ColonSentry)

Septin9
(multiple)

Sample Structural
exam

Stool Stool Blood Blood

Price to Payor $1000a $4.54b $22.22b $795c $150cd

Sensitivity
(for CRC)

95%18 70%18

(64-80%)
70%18

(61-91%)
72%10 70-90%12,13,19-21

Specificity 90%18 92.5%18

(87-90%)
95%18

(91-98%)
70%10 89-99%12,13,19-21

Availability Through
specialist

IVD – FDA
cleared

IVD – FDA
cleared

LDT US:LDT
EU:IVD

Table 1. Comparison of blood based tests to colonoscopy and stool based non-invasive tests.

However, patient preference and adherence studies 
will be important to determine potential programmatic 
effectiveness and which populations would be best 
served by this type of testing. For consideration by 
guideline committees, clinical studies must indicate 
that these new tests are effective for identifying 
cancer in comparison to current guideline screening 
methods. Effectiveness in this case may be measured 
as test performance, cost and availability and/or patient 
adoption and adherence. Patient reimbursement of the 
costs for blood-based tests through government or 
private insurance systems will be predicated on cost 
effectiveness indicating increase of life years saved and 
will most likely be realized through the uptake of the 
test by individuals not currently partaking in screening 
programs. 

CONCluSION

Blood-based tests using biomarkers that identify 
CRC are currently available and evidence for their 
effectiveness in various clinical settings is building. 
The use of these new testing methodologies may have 
valuable utility for reaching the segment of the screening 
population that is resistant to currently recommended 
methods. Additional utility of these blood-based tests 
may be identified through the combination of these 
tests with existing screening methods such as fecal 
occult blood tests and sigmoidoscopy in order to 
identify individuals at highest risk of disease while 
reducing costs over colonoscopy or providing service to 
underserved patients with limited access to endoscopy 
centers. n

aCost to insurance, endoscopy center, no polyp removal
bCost to insurance
cCost to patient, may not be covered by insurance
dCost of Epigenomics’ CE marked test
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