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CT colonography: computer-aided detection

of morphologically flat T1 colonic carcinoma

Abstract The purpose was to evaluate
the ability of computer-aided detection
(CAD) software to detect morphologi-
cally flat early colonic carcinoma using
CT colonography (CTC). Twenty-four
stage T1 colonic carcinomas endo-
scopically classified as flat (width
over twice height) were accrued from
patients undergoing staging CTC.
Tumor location was annotated by three
experienced radiologists in consensus
aided by the endosocpic report. CAD
software was then applied at three
settings of sphericity (0, 0.75, and 1).
Computer prompts were categorized as
either true positive (overlapping tu-

mour boundary) or false positive. True
positives were subclassified as focal
or non focal. The 24 cancers were
endoscopically classified as type IIa
(n=11) and type IIa+IIc (n=13). Mean
size (range) was 27 mm (7–70 mm).
CAD detected 20 (83.3%), 17 (70.8%),
and 13 (54.1%) of the 24 cancers at
filter settings of 0, 0.75, and 1,
respectively with 3, 4, and 8 missed
cancers of type IIa, respectively. The
mean total number of false-positive
CAD marks per patient at each filter
setting was 36.5, 21.1, and 9.5,
respectively, excluding polyps. At all
settings, >96.1% of CAD true positives
were classified as focal. CAD may be
effective for the detection of morpho-
logically flat cancer, although mini-
mally raised laterally spreading tumors
remain problematic.

Keywords Colonography .
Computed tomographic . Diagnosis .
Computer-assisted . Colonic
neoplasms

Introduction

CT colonography (CTC) is increasingly utilized as a
relatively non-invasive method of colonic investigation in
both patients with symptoms suggesting possible colorectal
neoplasia and asymptomatic individuals undergoing colo-
rectal cancer screening [1]. Meta-analysis data suggest the
procedure is robust for detection of “clinically significant”
neoplasia, including larger adenomatous polyps and

established cancer [2, 3]. However, one area of concern
is the ability of CTC to reliably detect morphologically flat
lesions [4]. The histopathological definition of a flat lesion
is one where the height is less than twice the thickness of
the surrounding mucosa [5], although a more practical
definition used by both endoscopists and radiologists is a
lesion whose width is over twice its height [5]. Flat lesions
may be slightly elevated above the mucosa, flush with the
mucosa, or even depressed below the surrounding mucosal
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surface, and are manifest on CTC as subtle areas of mural
thickening [6–9]. Although there are some data suggesting
CTC may depict these lesions [10], it is apparent that many
are missed prospectively [6, 11, 12]. The clinical
importance of flat lesions is debated, with some evidence
they are no more significant than their polypoidal counter-
parts of similar size [13]. Undoubtedly a proportion of flat
lesions are malignant [14], and failure to diagnose such
lesions at CTC will often deny the patient potentially
curative treatment.

Computer-aided detection (CAD) software systems are
proving increasingly robust in detecting colonic neoplasia
[15–17]. Because most CTC errors are perceptual [18–20],
it seems likely CAD will play an increasingly important
role in interpretation. The high clinical importance, but
radiological subtlety of morphologically flat early colonic
cancer make it an ideal target for CAD systems, but at the
time of writing there is little if any literature on detection
characteristics for such lesions. The purpose of our study
was to evaluate the ability of computer-aided detection
(CAD) software to detect morphologically flat early
colonic carcinoma using CT colonography (CTC).

Materials and methods

Local ethical committee approval was obtained, and
patients gave informed consent for the study.

Patient source

Patients were recruited from a single tertiary referral center.
Patients with a known histological diagnosis of colorectal
cancer (based on prior endoscopic biopsy) were referred to
the center for treatment. As part of the pre-treatment
workup, all patients were re-colonoscoped (to confirm the
site of the tumour and to assess potential endoscopic
respectability) by one of three experienced colonoscopists.
Colonoscopy was immediately followed by same-day
contrast-enhanced CT colonography (see below) for stag-
ing using the same bowel preparation (3 l of polyethylene
glycol). Careful note of the endoscopic morphology of all
diagnosed cancers was recorded by the colonoscopist using
standard criteria (type 0 to 5) [5], together with the
segmental location of the lesion. Maximal dimension was
also documented (by assessment against adjacent open
biopsy forceps). Those lesions classified by the endosco-
pist as superficial, i.e., depth of penetration no greater than
the submucosa-type 0, were sub-classified as either
polypoidal, i.e., protruding above the surrounding mucosa
(type 0-I) or flat (“non-polypoidal”)-i.e., slightly elevated
(height less then twice width; type 0-II). Type 0-II tumors
were then further sub-classified as type 0-IIa (minimally
elevated), type 0-IIb (completely flat), or type 0-IIc
(depressed) (Fig. 1). Lesions showing a mix of these

features were classified as such [5], depending on the
predominant component (Fig. 1). Type II-a and type II-b
lesions were classified as “laterally spreading” if their
estimated maximal dimension was greater than 20 mm
[21–23]. As per usual clinical practice at the referral center,
not all synchronous polyps were removed by the
colonoscopist, especially if less than 6 mm in size. For
the purpose of the study, the colonoscopist recorded the
presence (maximum diameter and segmental location) of
any unremoved synchronous colonic polyps.

Colonic distension prior to same day CTC was achieved
using automated carbon-dioxide insufflation (Protocol,
EZEM, NY) and performed on a 64-detector–row CT
scanner (Aquilion, Toshiba Medical Systems) according to
the following protocol: 120 kV, 200–400 mA with
automatic exposure control, 64 rows × 0.5 mm collimation,
helical pitch 53.0 (effective dose 18 mSv). The supine scan
acquisition was acquired 50 s following intravenous
contrast administration [150 ml of iohexol 350 (Omnipa-
que, Daiichi-Sankyo Pharmaceutical)]. There were at least
3 weeks (range 3 to 6 weeks) between the original biopsy
of the lesion and CTC.

Patient selection

Between October 2005 and May 2006, a total of 165
patients were referred to the center and underwent same-
day colonoscopy and CTC. The endoscopic report of all
patients was reviewed by the study coordinator who
retrieved the records of all patients in whom the endoscopic
classification of the tumour was grade 0-II (i.e., superficial
or flat morphology). Those lesions in which the ultimate
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Fig. 1 Schematic representation of the various morphologies of
superficial colorectal neoplasia
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histopathological diagnosis was greater than T1 were
excluded.

Dataset annotation

The CTC datasets of all patients with endoscopically flat
T1 cancers were loaded onto a workstation equipped with
CTC viewing software (Vitrea 3.9.01, Vital Images
Minnetonka, MN) and reviewed in consensus by three
radiologists experienced in CTC interpretation (over 200,
400, and 800 endoscopically validated cases, respectively),
fully aware of the colonoscopic report. The radiologists
located the cancer (and any unremoved polyps) and
recorded the 2D axial image numbers for both supine and
prone datasets (if applicable). Observers used segmental
location (within one colonic segment of colonoscopy) and
size (within 50%) to aid matching. Any uncertainty was
resolved by face-to-face discussion between the observers.

A digital screen shot image of the tumour and any polyps
was also taken to facilitate subsequent identification during
CAD application (see below). Although the workstation
used for initial dataset annotation had a CAD facility, this
was not used by the radiologists so as not to bias the
consensus-derived location of the cancer by prior knowl-
edge of the position of any CAD prompts.

CAD application

After the ground truth dataset annotation was complete,
one of the radiologists applied the CAD software
(ColonCAD API 4.0, Medicsight plc) integrated into the
Vitrea workstation to the datasets as described below.

Functionality and development of the commercially
available CAD system used for the study have been
described elsewhere [24, 25]. In brief, the software
segments the colon from the CT dataset before applying
a mathematical algorithm with the aim of detecting raised

endoluminal objects, all of which are regarded as potential
neoplasia. A sphericity filter is then applied that aims to
facilitate discrimination between real polyps and false-
positive prompts, due to haustral folds, for example, by
analyzing every voxel on the candidate surface to
determine whether or not it and its neighbors form part
of the surface of a theoretical sphere. Detections whose
sphericity is above a pre-determined threshold are
prompted visually to the observer via small red dots
superimposed over the region of interest on both 2D axial
and 3D endoluminal views (Fig. 2) or by a yellow triangle
when the polyp candidate is hidden behind a fold during
3D endoluminal analysis (Fig. 3). With the sphericity
enhancement filter set at 1.0, only those voxels that
potentially formed part of a perfect sphere were retained as
prompts, and the others were dismissed as likely false
positives. As the filter value reduces towards zero, voxels
that may form part of an increasingly less perfect sphere are
retained as prompts.

In the CAD workstation iteration used for the present
study, the user could influence the sphericity threshold for
prompted polyps via slider bars with a scale between 0
(most sensitive) and 1 (least sensitive). The recommended
default sphericity setting for the software was 0.75 [26].

No data from the origin of datasets used for the present
study had been used to develop theCADalgorithmpreviously.

The observer applied the CAD at each of three sphericity
settings (0, 0.75, and 1). At each setting the observer
recorded whether the CAD has successfully detected the
flat cancer present in each dataset [supine and prone (if

Fig. 3 3D endoluminal CT colonographic image demonstrating the
same lesion (arrow) as Fig. 2 barely visible behind a haustral fold
(arrowhead). CAD alerts the reader to the hidden lesion via a yellow
triangle

a b

Fig. 4 Schematic representation of a focal (a) and non-focal (b)
correct CAD mark (red circle). Black shape represents the tumor

Fig. 2 3D endoluminal CT colonographic image demonstrating a
CAD mark (red dot) on an 11-mm transverse colonic T1 cancer
(arrow)
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visible on both)]. A successful detection was defined when
at least one CAD mark directly overlapped any part of the
tumor outline previously determined when the ground truth
was established. CAD was deemed to have successfully
classified the patient if there was at least one correct CAD
detection of cancer on either the supine or prone datasets,
or on both. The observer further sub-classified each correct
CAD detection as “focal” or “non focal” (Fig. 4). A focal
detection was ascribed when the CAD mark was located
over a recognizable focal tumor elevation or protuberance
beyond the contour of the main lesion. A non-focal
detection was defined as a CAD mark correctly located
over the cancer, but overlying no recognizable focal
elevation or protuberance beyond the contour of the main
lesion. All other CAD detections (including “true” polyp
detections for the purpose of this study) were considered
false positives. The observer classified all the CAD false
positive detections at each filter setting as follows: 1-bulbous
fold (prominent fold in otherwise well-distend segment), 2-
segmental under distension, 3-fecal residue/residual fluid, 4-
normal colonic anatomy, e.g., ileocaecal valve, redundant
mucosa, internal hemorrhoid, normal fold, 5-extracolonic, 6-
benign polyp, and 7-unexplained.

Statistical analysis

Data were collated and descriptive statistics (notably
sensitivity) were calculated for the CAD at each of the

three sphericity settings used. Categorical differences in
detection according to tumor morphology sub-classifica-
tion were analyzed using Fischer’s exact test.

Results

The final study cohort consisted of 24 patients (6 females,
mean age 66 years, range 41 to 80 years). The final
endoscopic classification of the 24 tumors was 0-IIa (n=11)
and IIa+IIc (n=13). All 0-IIa tumors measured over 20 mm
and were thus classified as lateral spreading.

Four tumors were located in the rectum, six in the
sigmoid, four in the descending, six the transverse, three in
the ascending colon, and one in the cecum. The mean size
was 25 mm (range 7 to 60 mm). Of the 24 tumors, 3 were
visible on the supine dataset only, 1 on the prone dataset
only, and 20 on both supine and prone datasets.

CAD detection

Sensitivity for tumor detection increased as sphericity
threshold decreased (from 54.1% at a sphericity of 1 to
83.3% at a sphericity of 0). Sensitivity for type IIa tumors
was in general less than for type IIa+IIc, notably at a
sphericity setting of 0 (p=0.03) (Fig. 5; Tables 1 and 2).

Each tumour detected by CAD had on average more than
two correct CAD marks per scan position (other than at

Fig. 5 a 2D axial CT colono-
graphic image (a) shows a type
0-IIa cancer (arrows) as an area
of subtle mural thickening. The
lesion was not detected by
CAD. b 3D endoluminal CT
colonographic image showing
the same lesion as 5A. The
lesion (arrows) is barely visible

Table 1 CAD detection of tumors according to scan position and sphericity setting

Tumor
classification

Sphericity 0 Sphericity 0.75 Sphericity 1

Detection
(%)*

Detected Detection
(%)*

Detected Detection
(%)*

Detected

Supine
only

Prone
only

Supine and
prone

Supine
only

Prone
only

Supine and
prone

Supine
only

Prone
only

Supine and
prone

0-IIa (n=11) 8 (72.7) 2 2 4 7 (63.6) 3 1 3 3 (27.3) 0 0 3

0-IIa+IIc
(n=13)

12 (92.3) 3 3 6 10 (76.9) 4 1 5 10 (76.9) 4 2 4

Total (n=24) 20 (83.3) 5 5 10 17 (70.8) 7 2 8 13 (54.1) 4 2 7

*Per patient
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sphericity of 1 in the prone orientation) (Table 2; Fig. 6).
The overwhelming majority of correct CAD detections
were classified as focal (at least 96.2%), with a very small
minority being non focal (Table 2; Fig. 7).

False positives

False positives decreased with increasing sphericity. On
average there were 19.3 (range 1–46), 11.6 (range 1 to 38),
and 5.9 (range 0 to 21) false positives at sphericity settings
of 0.75, and 1, respectively, for supine data. On average
there were 21.3 (range 1 to 58), 12.9 (range 0 to 39), and
6.4 (range 0 to 15) false positives at sphericity settings of 0,
75, and 100, respectively, for prone data. The majority of
false positives were related to normal colonic anatomy,
although an increasing proportion (over 20% at sphericty
setting of 0) were due to correct detections of small benign
polyps. Excluding polyp detections, the mean number of
CAD false positives was per patient was 36.5, 21.1, and 9.5
at sphericity settings of 0, 0.75, and 1, respectively (Table 3).

Discussion

It is widely accepted that the majority of colorectal cancers
arise from benign polypoidal precursors [27]. However,
there is an increasing recognition that non-polypoidal (i.e.,
“flat”) adenomas also may progress to invasive cancer.
Although originally believed to be particularly prevalent in

Japanese patients, it is now clear that flat adenomas are
found throughout the world. For example, a recent study
found flat or depressed colorectal neoplasia in 22.7% of
North Americans [28], with similar data from Europe [29].
Although the overall incidence of invasive carcinoma in
non-polypoidal lesions is in the order of 2% [14, 28], recent
reports suggest up to 20% of early cancers (the prime target
for any screening test) may have this morphology [14].
Furthermore, non-polypoidal flat cancers are smaller than
polypoidal tumours of the same stage. Given this, strategies
to increase detection of non-polypoidal neoplasia, such as
use of dye spray, are increasingly adopted in endoscopic
screening programs. The ability of CTC to detect such
lesions will undoubtedly be subject to increasing scrutiny.

The CTC appearance of non-polypoidal colorectal
neoplasia (shallow plaque-like areas of mural thickening)
is well described [6, 9]. Anecdotally, although flat lesions
are generally believed “invisible” at CTC, the small
amount of available literature concerning their depiction
is more encouraging. Using a dataset containing 22 non-
polypoidal lesions and 3 readers, Fidler et al. reported a
prospective sensitivity of between just 15% and 65% [6].
However, double reading resulted in 100% flat adenoma
detection, and 19 of the 22 lesions were visible at least in
retrospect. A recent report by the ESGAR CTC study group
investigators found that most of the large polyps missed by
expert observers were non polypoidal, emphasizing that
their detection is difficult [12]. However, almost all lesions
were visible in retrospect and most were detected by at least
one reader. Moreover, in the present study all 24 tumors

Table 2 Mean number and type of CAD detections per cancer according to sphericity

Mean true-positive CAD detections per cancer

Sphericity 0 Sphericity 0.75 Sphericity 1

N=20 cancers detected N=17 cancers detected N=13 cancers detected

Supine Prone Supine Prone Supine Prone

Focal (%) 2.14 (97.7) 2.32 (96.2) 2.37 (97.9) 2.26 (97.8) 2.13 (100) 1.57 (100)

Non-focal (%) 0.05 (2.3) 0.09 (3.7) 0.05 (2.1) 0.05 (2.2) 0.0 0.0

Total 2.19 2.41 2.42 2.31 2.13 1.57

Fig. 6 a 3D endolumonal im-
ages show a transverse colon
type 0-IIa cancer with three
correct CAD marks (red dots). b
Colonoscopic image of the le-
sion in Fig. 6a
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were identifiable in retrospect by 3 unblinded experienced
radiologists. Although in his series, Pickhardt et al.
prospectively achieved high sensitivity for “flat colorectal
lesions” [10], most data to date suggests non-polypoidal
neoplasia, while visible on CTC, is often missed
prospectively because of perceptual error [6, 9, 11].

Computer-aided detection software has proved success-
ful in scenarios where radiologist must pick up subtle
abnormalities that appear infrequently, notably in screening
mammography. Non-polypoidal neoplasia is therefore
potentially an ideal target for colon CAD software. Our
study used a single vendor CAD system, developed
ostensibly for detection of raised polyps [25]. Importantly,
the present study employed an external validation
paradigm [30]-no datasets from the hospital donating the
cancers had been used previously to develop the CAD
software. We specifically selected early cancers rather than
non-malignant flat lesions since the former have unques-
tionable clinical significance, and it is important they are
detected by CTC.

Overall CAD sensitivity was clinically acceptable with
71% detection at the manufacturer’s currently recommended
default operating point for the CAD, rising to 83% at a
sphericity setting of 0. As would be expected, although
sensitivity increased as sphercity was reduced, this occurred
at the expense of increased false-positive detections (i.e.,
decreased specificity). Most false-positive detections were
due to normal colonic anatomy, and previous work has
suggested such prompts are easily dismissed by most
experienced radiologists [24]. Although fewer CAD false
positives are desirable, it is still unclear at what threshold the
benefit of CAD diminishes significantly. It could be argued,
for example, that a CAD generating 25 prompts, one of
which correctly identifies a subtle flat cancer originally
missed by a radiologist, ismore useful than an algorithmwith
fewer false positives, but that fails to detect the cancer.
Indeed, recent data suggest that current CAD systemsmay be
relatively poor at detecting cancer as opposed to polyps [16].
In the case of flat cancers, improved detection algorithms
may inevitably engender decreased specificity.

Fig. 7 a 3D endoluminal CT colonographic image showing a CAD-
detected type 0-IIa+IIc T1 ascending colonic carcinoma (arrows).
The CAD detection (red dot) was classified as “focal” as located on
a recognizable focal elevation. Yellow triangles represent further

correct CAD marks on the hidden side of the lesion. b 3D
endoluminal CT colonographic image shows a CAD-detected type
IIa transverse colonic carcinoma (arrows). The two correct CAD
marks were classified as non focal

Table 3 Grading and distribution of CAD false positives (n=24 datasets) according the sphericity setting (supine and prone datasets
combined)

Cause of CAD FP (grade) Sphericity 0 (%) Sphericity 0.75 (%) Sphericity 1 (%)

Bulbous fold* 22 (2.3) 6 (1.0) 1 (0.3)

Segmental under distension 27 (2.8) 47 (8.1) 26 (9.1)

Fecal residue/residual fluid 85 (8.9) 23 (4.0) 15 (5.2)

Normal colonic anatomy** 658 (69.1) 386 (67.8) 162 (56.4)

Extracolonic 83 (8.7) 43 (7.4) 24 (8.4)

Non-malignant polyp 75 (7.8) 72 (12.5) 59 (20.6)

Unexplained 2 (0.2) 1 (0.17) 0 (0)

Total 952 578 287

*Bulbous fold (prominent fold in otherwise well-distended segment)
**E.g., ileocaecal valve, redundant mucosa, internal hemorrhoid, normal fold
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Interestingly, the vast majority of CAD detections were
related to a “focal” protuberance on the cancer. Also,
detection of the lateral spreading type 0-IIa lesions
(minimally raised) was overall inferior to type 0-IIa+IIc
lesions, possibly because the CAD detects a focal “protu-
berance” at the junction of the main lesion and the central
depression. Colon CAD systems rely on differences in
geometric shape between raised colonic polyps and
surrounding colonic wall and haustral folds. As recently
reviewed by Yoshida and Dachman [31], various computa-
tional models have been proposed to take advantage of the
shape difference, including sphere fitting [32], volumetric
shape index [33], surface curvature with rule-based filter
[34], surface normal overlap [35], and more recently
Haussian matrix [36]. False-positive detections, for
example, due to haustral folds, then are often reduced by
various techniques, including gradient concentration [17] or
application of a edge displacement field [37]. Recent
publications have confirmed the increasingly robust detec-
tion characteristics of colon CAD systems for detecting
polypoidal neoplasia [15], but it remains unclear whether
such systemswill reliably detect non-polypoidal malignancy.
While some workers have successfully proposed algorithms
based on fuzzy merging and wall thickness analysis to detect
colonic masses (i.e., large cancers) [38], again the ability of
such systems to detect subtle raised lesion remains unknown.
It is reassuring, however, that even endoscopically confirmed
non-polypoidal lesions often possess focal raised areas that
may be targeted successfully by CAD. Indeed, on average
the CAD in the current study placed at least two marks on
each cancer detected. It is clear, however, that some
“smooth” type 0-IIa lateral spreading tumors will prove

difficult to detect reliably and will likely need new
algorithms, possibly based on mural thickening.

Our study does have limitations. Although we included
all non-polypoidal T1 tumors in our inclusion criteria, only
two endoscopic sub-classification types were available (0-
IIa and 0-IIa+IIc). However, it is not surprising we did not
have any type II-b lesions in our cohort since such
morphology is exceedingly rare [14]. The endoscopists in
the present study defined a non-polypoidal lesion as one
where the height is less than half the width. Others have
defined such lesions as having a height less than 2.5 mm
(the width of closed biopsy forceps). However, the
definition we used is adopted by the working group created
specifically to consider the definitions of flat neoplasia in
Western endoscopic practice [5, 39]. We used a single CAD
algorithm and, as discussed above, it is uncertain whether
similar results would be obtained using different vendors.
Finally, we did not incorporate a radiologist observer into
our analysis, choosing to determine the “stand-alone”
performance of the software, as have many others. The
stand-alone detection characteristics of CAD for flat
cancers have not been determined previously, and, based
on our data, studies incorporating human readers are now
appropriate.

In conclusion, the CAD system tested is relatively
effective for detection of morphological non-polypoidal
cancer, although some minimally raised lateral spreading
tumors remain problematic.
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