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E
arly detection of colorectal cancer
significantly increases the likelihood of
successful treatment. In many cases,
detection and removal of pre-cancerous

adenomatous polyps will prevent colorectal cancer
from forming in the first place. The most accurate
approaches to detect colorectal lesions (polyps
and cancers) involve imaging. However, imaging the
colon results in large quantities of data that must
be analysed by a human reader and can therefore
result in errors. Computer-aided detection (CAD)
applies automated image analysis algorithms to
identify and draw the reader’s attention to
suspicious pathology in the image data. This article
provides an overview of different CAD approaches
developed for colorectal lesion detection and
gives some perspective on emerging technologies
in the field. 

Screening for colorectal disease
Worldwide, colorectal cancer is the second most
common cancer in women and the third most
common cancer in men [1]. The majority of
colorectal cancer cases occur in developed
countries. Despite the high prevalence, colorectal
cancer is largely preventable through early
detection and treatment. Colon cancer arises from
pre-cancerous polyps, which typically grow slowly,
of the course of years. Because of this slow growth,
the colon can be screened for lesions, and detected
polyps safely removed via a polypectomy
procedure. Colorectal cancer screening programmes
are proven to be effective [2] and have been
adopted by many healthcare systems.
One of the key challenges to successful

implementation of a screening programme is
patient engagement. Despite concerted efforts to
enrol patients, uptake remains low, with less than
60% in the UK [3] for individuals meeting the
enrolment criteria. For patients that are screened,
effective detection is paramount. There are
chemical tests such as the faecal occult blood test
(FOBT) or the faecal immunochemical test (FIT) that
respond to the presence of occult (not visible)
blood in the faeces. Alternatively, stool DNA tests
[4] look for abnormal genetic material present in
the stool. While a positive result with one of the

above tests may result from a lesion, there are
numerous sources of false positives. Therefore
further testing is typically done with imaging;
usually with video endoscopy or computed
tomography (CT) colonography.
Imaging exams come in several forms, and are

normally applied to the colon after cathartic
cleansing. Flexible sigmoidoscopy is a procedure
that examines the rectum and lower colon with a
sigmoidoscope, a flexible tube roughly 60
centimetres long that includes a light source and
video camera at the tip that transmits video to a
monitor viewed by the gastroenterologist whilst
manoeuvring the camera. Colonoscopy, in contrast,
uses a longer camera that can traverse the entire
colon during the examination. A key advantage of
these procedures is that if pathology is detected, it
can biopsied or removed using surgical tools that
are part of the scope. However, some patients
prefer to elect a less invasive examination. CT
colonography (CTC) images the insufflated colon
using CT series of the patient in the prone and
supine position. The 3D images are then reviewed
by a reader on a workstation using advanced
visualisation software. Recently, there has been
considerable interest in capsule endoscopy, which
images the colon using a single-use miniaturised
camera that is swallowed by the patient and
transmits images to a data recorder as it moves
through the body. The images are later retrieved
and reviewed for the presence of pathology.  Whilst
CTC and capsule endoscopy can identify polyps, a
subsequent colonoscopy may be required for
polypectomy. 

The role of CAD
CAD has its history in the study of radiologic
errors. Concern over the misinterpretation of
radiologic images dates back to at least the 1940s
[5]. This laid the groundwork for error reduction
through computerised image analysis. In early CAD
research, there was the belief that the computer
would replace the human interpretation of images.
However, given the challenges in interpreting
subtle pathology, along with the high standards
required for clinical use, success with fully
automated CAD was limited. Today the prevailing
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view is that CAD is best deployed to assist
the human interpretation of images.  The
CAD field had a watershed moment in 1998
with the US Food and Drug Administration
(FDA) cleared the first commercial CAD
system, designed by R2 Technology for
breast mammography.  Since then, CAD has
seen considerable growth into clinical
practice.
A typical colonoscopy procedure lasts

approximately 30 minutes; roughly half of
this time will be spent examining the video
feed for the lesions. Assuming 60 frames
per second video common to progressive
scan systems, the gastroenterologist may
view up to 50,000 video frames. Given this
large amount of data, it is possible that
lesions are missed due to perceptual errors
resulting from fatigue, distraction, or
variable conspicuity of an abnormality.
Similarly, a CT colonography can generate
over 1000 images (of 512 x 512 pixels) for
each patient position. The primary
objective of CAD then is to assist the
reader to reduce the false negatives that
would otherwise be overlooked. However,
another important consideration is the role
of false positives, which should be
minimised to reduce additional patient
work-up. An ideal CAD system is therefore
both sensitive and specific, that is, it
should detect a high number of lesions
without generating many false positives.

CAD techniques
A depiction of modern CAD system is
given in Figure 1a. First, image pre-
processing algorithms may be applied, for
example, to denoise the data. A region of
interest within the image is determined,
often through segmentation. This step
limits the subsequent processing (and
resulting detection) to a subset of the data,
such as the colon, and not adjacent organs,
in CTC. Next, a candidate generation step
finds a set of possible lesions in the image.
Candidate generation is designed to be
highly sensitive, and therefore may include
many non-lesions as well. For each
candidate, a set of features is extracted
from the image.  Good features are those
that discriminate between lesions and non-
lesions, and are often composed of image
intensity or colour (if available), texture,
and shape.  Finally, a classifier based on a
supervised machine-learning algorithm is
used to filter out the non-lesion
candidates. The candidates that remain
form a set of CAD marks that are

superimposed on the image to draw the
reader’s attention to suspicious regions in
the image. Examples of CAD marks in a CT
colonography application are presented in
Figure 1b.
In the literature, several CAD systems for

video endoscopic examination of the
colon have been proposed [6-10], and
often rely on shape, textural, and/or
colour cues for detection of lesions.
Shape-based methods take advantage of
the fact that sections of polypoidal lesions
often project as curved sections into the
image, and have distinctive edges [7, 9, 10].
Texture-based methods [6, 8] exploit the
roughness or pit pattern [11], related to the
morphology, size, and distribution of
mucosal pits. Finally, colour-based
methods [6, 7] look for chromatic
differences between lesions and non-
lesions; for example, due to bleeding,
lesions may have a more reddish hue.
Arguably the most useful deployment of
an endoscopic CAD (EndoCAD) system is
to provide real-time [7] clinical support to
the endoscopist, by processing the live
video feed and inserting CAD marks to
highlight suspicious regions. Due to real-
time requirements, this necessitates
computationally efficient algorithms.  With
the advent of capsule endoscopy into
clinical practice, there has been research in
adapting similar EndoCAD techniques to
capsule endoscopy data [12]. A key

difference between these techniques is the
frame rate, which is considerably lower in
capsule endoscopy.  
Computer-aided detection systems for

CT colonography have made considerable
impact in clinical practice since early
research prototypes were first developed
in the 1990s. In the literature there are a
number of CAD systems that have been
researched [13-16] and commercial systems
are now available. CTC CAD systems
primarily rely on shape features that result
from protruding geometry [14] from the
colonic wall, and can be captured using
differential geometric features like shape
index [13] or the second principal curvature
[15]. CAD systems used in CTC workflows
are deployed as a second reader, meaning
the human reader first reviews the CT
images without CAD and makes a note of
any findings. Then, the CAD is activated,
and the reader reviews the CAD marks to
see if CAD identified any lesions that were
missed on their first read. Using CAD in this
way reduces automation bias so that
reader does not overly focus on the CAD
marks during their initial read of the data.

Emerging directions
The scope of CAD continues to expand as
new imaging systems become available. A
potentially fruitful area involves 3D
reconstruction of the mucosal surface
from in-vivo imaging. Whilst approaches
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Figure 1. (a) A high
level diagram
showing the steps of
a CAD system. (b)
Example CAD
marks (rendered as
circles) are shown
for two different
lesions in a CTC
application. 
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using stereovision, structure from motion
and structured light have been proposed,
photometric stereo [17, 18], which uses a
single camera and multiple light sources
to reconstruct 3D surface topography has
promise due to its real-time
reconstruction and high resolution. An
example is shown in Figure 2. By taking
advantage of the shape information, it is
possible to combine some advantages of
the 3D shape-based analysis of CT
colonography CAD with the colour and
texture-based analysis of EndoCAD
approaches. However, performing precise
3D reconstruction of a highly reflective
mucosal surface in a narrow confined
space poses difficult engineering
challenges.  

In CT colonography, there is
considerable interest in developing CAD
for reduced, or even non-cathartically
prepared patients [19], as this preparation
is seen as a factor contributing to lower
patient engagement rates. CAD systems
designed for this application must
differentiate lesions from residual waste
in the colon, which is a difficult problem
even with the use faecal tagging agents
[20]. Extension of existing CAD
techniques to alternative imaging such as
low-dose CT [21] or dual-energy CT [22]
have been proposed. Recently, there has
been notable research activity on further
resolving polyps from non-polyps by
taking advantage of both CT series (prone
and supine) through spatial registration

[23, 24]. Non-polyps such as stool are
mobile, and move considerably relative to
the colon when the patient is
repositioned in the scanner. 
Finally, there is growing research

activity in going beyond pure detection,
and into computer-aided diagnosis and
treatment. The classification of a polyp as
hyperplastic or adenomatous can affect
the surveillance interval for patient
follow-up. Typically, this diagnosis is done
by a histopathologist who examines
excised tissue under a microscope.
However, recent studies [25] have argued
for an in-vivo classification during
colonoscopy to reduce healthcare costs.
The diagnosis can be achieved using a
variety of imaging techniques, for
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Figure 2: Photometric stereo
reconstruction of a mucosal
surface.  Rows 1-2: six images
are taken with a single camera
and multiple light sources.
The resulting surface
reconstruction is shown row 3
(left: height map, right: 3D
surface rendering).
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example using white light
endoscopy [26], or narrow-band
imaging [27], which uses two
frequencies of light to enhance
the surface detail of the mucosa.
In regards to treatment,
computer-assisted navigation is
an emerging topic. If a lesion is
detected on a pre-interventional
CT image, a possible navigational
aid could help guide the
endoscopist to the lesion when
performing a colonoscopy. This is
particularly challenging problem
as it requires registering the CT
image to a live video feed during
colonoscopy, and the colon itself
will deform significantly between
the two procedures. 

Outlook
The future of CAD for colonic
lesion detection is bright. One
hurdle to CAD reach has been the
complex regulatory environment
for CAD devices, particularly in
the USA. However, with the
recent clearance of computer-
aided detection systems for CT
colonography by the FDA, there is
now precedent and a better
understanding of regulatory
requirements, so additional
commercial systems are expected
in the future. Further academic
research taking advantage of
advances in image formation,
image analysis, and machine
learning will advance the
accuracy of CAD and bring it to
new clinical applications. ●
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