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Colorectal cancer (CRC) is the third 
most commonly occurring cancer, 
accounting for around 10% of all 
malignancies or 1.4M newly-diagnosed 

cases in 2012 [1]. CRC has a significant economic 
burden - in the EU lost productivity and direct 
costs are estimated at €13.1bn per annum, and in 
the US direct healthcare costs alone were $14bn 
in 2010 [2]. Incidence rates vary around the world 
with Australia, Europe and North America having 
the highest risk – driven, in part, by lifestyle-
related factors: diet, exercise levels, smoking and 
alcohol intake. Age is a significant risk factor for 
CRC with over 90% of cases and 95% of deaths 
occurring in the over 50s. Screening programs are 
now impacting incidence rates, although there 
is worrying evidence of an increasing incidence 
in the under 50s (currently around 10% of all 
cases) who may present with more advanced 
disease due to a lack of screening and a failure to 
recognise symptoms in this age group. Genetic 
predisposition accounts for around 20% of early 
onset CRC cases [3]. Men have a higher risk 
than women and there is also a socio-economic 
influence that may reflect attitudes to diet, 
exercise and general healthcare as well as access 
to screening in certain countries.   

Colorectal cancer typically develops 
slowly over a 10-15 years from small (<1cm) 
adenomatous polyps to larger (>1 cm) adenomas 
which may in turn develop dysplasia and 
eventually cancer. This provides a window for 
early diagnosis and more effective treatment as 
well as preventative resection of polyps. Polyps 
are relatively common, with reports suggesting 
that up to 50% of men will develop one or more 
polyps within their lifetime [4]. Only around 10% 
of polyps develop into full-blown cancer, but 
currently differentiating these is not possible 
without biopsy. Outcome is broadly related 
to the stage at which the cancer is diagnosed 
so increased screening should further reduce 
incidence and death rates. Five-year survival is 
around 90% for locally confined disease reducing 
to 70% if the tumour has spread to surrounding 
tissue. Outcome is dramatically reduced once the 
cancer spreads to other organs with a five-year 
survival of 12% [5].

Given the much higher survivability for CRC 

if detected early, screening programs have had 
a dramatic effect in reducing both incidence 
and mortality around the world. The US Centre 
for Disease Control reported a 13% increase in 
screening from 2003-2007 with a concomitant 
reduction of new cases and deaths of 50%. 
Screening was estimated to have prevented 
around 33,000 new cases and saved 16,000 lives 
[2]. In the UK a survival benefit of 16% was seen 
in a 152,000 subject randomised pilot screening 
study [6]. A striking 31% reduction in CRC 
mortality in men was seen in France between 
1996 and 2009 where the uptake of colonoscopy 
was 34%, compared to a decrease of only 4% in 
the Netherlands where endoscopy participation 
was only 12% [7]. It was suggested at the 2013 
European Cancer Congress that it might be more 
cost effective to divert resources from breast 
and prostate cancer screening programmes where 
evidence was less clear-cut. However, a significant 
proportion of the population are reluctant to be 
screened.

Colonoscopy is the most effective method for 
polyp detection and allows direct intervention 
and removal, although the procedure 
requires sedation and a day off work. Flexible 
sigmoidoscopy is a less complicated procedure 
but examines only the rectum and lower third 
of the colon. Radiological approaches, including 
barium enema (now largely superseded) and 
computed tomography (virtual) colonoscopy 
are also effective at detecting advanced 
adenomas but require follow up colonoscopy for 
polypectomy. All require bowel preparation [8].

Stool-based testing, including traditional 
guaiac-based Fecal Occult Blood Testing (gFOBT) 
and newer immunological Fecal Occult Blood 
(iFOBT or FIT), performs poorly for detection 
of polyps [9]. The sensitivity (ranging from 33% 
for gFOBT to 73% for FIT) is typically lower 
than colonoscopy, meaning that such tests only 
perform well when used on a serial basis (annual 
or biannual testing compared to every five to 
ten years for colonoscopy). The World Health 
Organisation concluded that FOBT tests were 
effective for reduction of incidence and mortality 
due to CRC, with FIT offering several advantages 
over gFOBT. These include removal of diet and 
certain drug use restrictions prior to testing (to 
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avoid false positive results) due to the 
specificity for human blood from the 
lower GI tract, quantitative test output 
and suitability for automation [10].

The choice of primary screening 
approach varies with country [11]. 
European guidelines (2008) are for 
biannual FOBT testing with colonoscopy 
follow up for those testing positive. 
There is some regional variation, notably 
Germany and Poland, which offer 
colonoscopy for primary screening 
with FOBT offered in Germany for non-
compliers. In Japan, the FIT has proven 
to be a cost effective screening test 
compared to an all colonoscopy based 
program [12].

In the US current guidance is for 
either annual FOBT testing, Flexible 
Sigmoidoscopy every five years with 
FOBT testing every three years or 
colonoscopy every 10 years. However, 
colonoscopy has gained prominence 
through a combination of media-driven 
public awareness and a shift in national 
consensus guidelines, which led to 
clinical endorsement and adoption of 
colonoscopy. This effectively became the 
gold standard with implementation of 
Medicare reimbursement in 2005, despite 
evidence for the efficacy of FOBT as a 
primary screening tool [10]. 

The approval of Exact Sciences’ 
Next Generation Cologuard™ stool 
test for methylated DNA by the FDA 
could be a potential turning point 
for non-invasive screening, given its 
significant performance improvements 
over traditional occult blood methods 
(92% detection and 42% of advanced 
adenomas with 87% correct negative 
diagnosis in the study population, 
compared to 74% detection and only 24% 
of advanced adenomas for FIT, albeit with 
a higher 95% correct negative diagnosis). 
However, compliance is still a major 
obstacle to effective implementation of 
screening programs. Around one in three 
of the eligible US screening population 
is not up to date with recommended 
screening tests [2]. In Europe compliance 
varies but is typically less than 50% [6]. 
CRC was prioritised by the American 
Cancer Society because of the potential 
for existing knowledge on reduction 
of disease and its impact [9]. Emphasis 
was placed on improved motivation of 
the public and medical communities to 
optimise uptake of existing technologies 
for screening rather than embrace new 

technical approaches, particularly when 
those solutions are relatively expensive 
[9].

National outreach programs and 
improved accessibility through affordable 
healthcare and improved screening 
initiatives at a local level (for example 
identification of eligible screening 
populations and follow up with non-
compliant subjects) may have an effect 
on screening uptake but add to program 
costs, and aversion to current screening 
approaches remain – thus limiting more 
comprehensive screening. In these cases, 
next generation blood-based screening 
tests could offer a solution. Whilst 
surveys indicate a preference for blood-
based screening [13], such tests would 
need to combine equivalent performance 
to leading stool based screening 
approaches with the convenience of 
a simple blood test. Affordability is 
a key issue, not just in the West, but 
in emerging economies where CRC 
incidence is also on the increase [12]. 

Methylated Septin 9 has emerged as a 
contender for blood based CRC screening. 
EpiproColon® 1.0 has been available in 
Europe from Epigenomics since 2009, 
with the more sensitive EpiproColon 2.0 
available from 2011. Variations of the test 
are available through the CLIA system 
in the US as ColoVantage™. However, 
Epigenomics failed to achieve Pre Market 
Approval for their EpiproColon® test in 
the US in 2014 (with detection rates of 
68% at and correct negative prediction 
of 78%). The FDA cited a lack of evidence 
that the blood test would increase testing 
in the target colonoscopy non-compliant 
subgroup, requesting further data. 
Another potential concern not explicitly 
raised by the FDA is that an inferior blood 
test could be chosen in preference to 
the gold standard of colonoscopy which 
could adversely affect patient outcomes. 
Since approval was given for Exact 
Sciences’ methylated DNA stool test with 
its significantly better performance data, 
it would appear, at least in the US, that a 
blood test that can match Exact’s stool 
test would offer the best of both worlds 
in terms of performance and compliance 
and could push CRC screening to the next 
level.

Multiplex biomarker approaches offer 
a solution to screening sensitivity and 
specificity. A combination of biomarkers 
in a single test could offer significant 
enhancement in both sensitivity 

and specificity – an approach Exact 
employed in their stool test. VolitionRx’s 
Nucleosomics® platform offers such 
a solution, combining cutting edge 
epigenetic profiling with a simple low 
cost immunoassay technology. Data from 
the first phase of a large scale clinical trial 
have demonstrated test performance that 
exceeds both traditional stool testing 
and blood based methylated Septin 9 
in detection of colorectal cancer (84% 
sensitivity at 78% specificity) as well 
as polyps (60% sensitivity). This was 
achieved with just three individual NuQ® 
assays with many more available to 
enhance performance.

So does the future of colorectal cancer 
screening lie with existing technology or 
next generation tests about to come to 
market? Ultimately compliance is the key 
to a successful screening program. The 
best test will be the one the one that is 
used.
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