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Abstract

OBJECTIVE—To determine the prevalence and sensitivity of CT Colonography (CTC) in the
detection of non-polypoid adenomas using restricted criteria of height:width ratio of <50% and
height elevation of <3mm.

MATERIAL AND METHODS—In ACRIN 6664, an institutional review board-approved,
HIPAA-compliant study, a cohort of 2531 asymptomatic participants underwent CTC and
screening colonoscopy. The CTC exams were interpreted by both two-dimensional and three-
dimensional techniques. Non-polypoid adenomatous polyps identified by CTC or colonoscopy
were retrospectively reviewed to determine which polyps met the restricted criteria. The
prevalence of non-polypoid adenomas and prospective sensitivity of CTC were determined.
Descriptive statistics are used to report the prevalence, size, and histology. Sensitivities for the
non-polypoid (with 95% ClIs) and polypoid lesions are compared with a two-sided Z test for two
independent binomial proportions.

RESULTS—The retrospective review confirmed 21 non-polypoid adenomas, yielding a
prevalence of 0.83% (21/2531 participants). 8 (38.1%) were advanced adenomas, many (50%, 4/8)
secondary to large size (=10mm) only. The overall per polyp sensitivity of CTC (combined 2D
and 3D interpretation) for detecting non-polypoid adenomas = 5mm (n=21), > 6mm (n=16) and
210mm (n=5) were 0.76, 0.75, and 0.80, respectively, which was not statistically different from
the sensitivity of detecting polypoid adenomas (p>0.37).

CONCLUSION—In this large screening population, non-polypoid adenomas had a very low
prevalence (<1%), and advanced pathologic features were uncommon in polyps <10mm in
diameter. The majority of non-polypoid adenomas are technically visible at CTC, with prospective
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sensitivities similar to polypoid adenomas using an interpretation approach combining both two-
dimensional and three-dimensional review.

Recently there has been increasing interest in non-polypoid or flat adenomas of the colon.
However, there is controversy regarding their prevalence, incidence of associated advanced
pathologic features (size =1cm, villous components, or high-grade dysplasia),
aggressiveness and diagnostic criteria used to define non-polypoid adenomas (1-29). Several
reviews have discussed these issues (4, 18, 30, 31).

Non-polypoid adenomas were initially described in Japan with prevalence rates varying
from 13 to 48% and were thought to be rare in western countries (2, 13, 20, 22, 28, 32).
However, recent publications have reported their occurrence in western countries with
prevalence rates from 7 to 55% (6, 8, 9, 17, 19, 26, 29, 33, 34). Some investigators have
reported that these lesions may have an increased incidence of advanced histologic features
or increased aggressiveness relative to polypoid adenomas, while others have shown the
opposite (1, 9, 12-15, 17, 24).

Confounding many analyses, has been the discrepancy in the criteria used for defining a
non-polypoid adenoma. Previous publications have used gross morphologic description
consisting of a ratio of the height to width of no more than 50%. More recent investigations
have utilized restricted criteria to include only lesions which protrude 3 mm or less above
the mucosal surface (15, 35, 36).

CT Colonography (CTC) has been shown to be a feasible technique for colorectal cancer
screening (37, 38). However, there are limited data on the sensitivity of CTC for detecting
non-polypoid adenomas (5, 15, 16, 39-41). The purpose of this study is to provide further
data on some of the controversial issues discussed previously, including the prevalence of
these lesions in a large asymptomatic screening population, incidence of associated
advanced pathologic features, per polyp sensitivity of CTC in the detection of non-polypoid
adenomas using restricted criteria of height:width ratio of <50% and height elevation of
<3mm.and potential cause for false negative CTC interpretations.

Materials and Methods

Demographics

This study includes a cohort of patients with non-polypoid adenomas in the National CT
Colonography Trial of the American College of Radiology Imaging Network (37). The
results of that study have been previously reported and will be summarized below.

A total of 15 sites participated in the study, all had complied with the provisions of the
Health Insurance Portability Accountability Act, and approval was obtained from the
institutional review board. 2600 asymptomatic participants 50 years of age or older with
scheduled routine screening colonoscopy were recruited between February 2005 and
December 2006.
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Radiologist Experience and Training

Each radiologist was required to have experience interpreting at least 500 CTC examinations
or participate in a training session which included 12 non-polypoid polyps and cancers.
Training included the 3D and 2D evaluation of non-polypoid lesions (i.e., 2D/3D
morphology, enlarged axial images for 2D review, lung and soft tissue/intermediate
windows for evaluation of internal attenuation). In addition, all radiologists were required to
pass a qualifying exam which included 4 non-polypoid polyps (42).

CT Colonography Technique

The preparation for CTC included stool tagging, laxative purgation, and fluid tagging. All
examinations were performed with multidector-row CT scanners that had a minimum of 16
rows. Images were reconstructed to a slice thickness of 1.0 to 1.25 mm, with a
reconstruction interval of 0.8 mm.

CT Colonography Interpretation

Each CTC was randomly assigned to one of the 15 site radiologists to be read blindly with
the use of either a primary two-dimensional (2D) technique with three-dimensional
endoluminal problem solving or a three-dimensional (3D) endoluminal technique with two-
dimensional problem solving. Subsequently the exam was reviewed by a second blinded
reviewer at one of the other sites using the opposite algorithm. There were no requirements
specifying which window settings were to be used by the individual site radiologist. The
location, size and morphology were recorded for each suspected abnormality =5mm in
diameter. Morphology was recorded by the site radiologist as non-polypoid (flat;
height:width ratio of <50%) or polypoid (sessile, pedunculated). The site radiologist did not
use the 3mm height criterion, which was assessed by a central reader at the time of the
central review (described below).

Colonoscopy

Colonoscopy was performed and reported according to standard clinical protocol at each site
and was performed or supervised by an experienced staff gastroenterologist or surgeon, who
was blinded to the CTC results. Polyps were measured using a biopsy forceps for size
reference. Colonoscopy was considered the gold standard for the presence of a polyp and
was performed without segmental unblinding. Dye-spraying technique was not required or
routinely performed but could be used at the discretion of the endoscopist. All identifiable
lesions were photographed. The site endoscopist reported the colonoscopy findings
according to their institutional protocol. The site endoscopist was not given prospective
criteria for terminology of polyp morphology. These clinical reports were reviewed by one
central radiologist for morphologic descriptors that indicated non-polypoid or flat
morphology (e.g., flat, carpet, minimally elevated, plaque-like, etc...).

Histology Review

Tissue samples from all lesions =5 mm in diameter were reviewed by an experienced
gastrointestinal pathologist and included classification (eg, adenoma, hyperplastic, other),
subtype (tubular, tubulovillous, villous) and histologic grade (low or high). Serrated

AJR Am J Roentgenol. Author manuscript; available in PMC 2015 January 31.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Fidler et al.

Page 5

histology was not classified during the central read as this terminology was not widely
implemented at the time of the study. Size was determined from the pathology report unless
the specimen was resected piecemeal, fulgurated or not removed, in which case colonoscopy
estimate of size was used.

Cohort Selection

Among the 2531 ACRIN 6664 participants with complete data, 62 had lesions with size
5mm or larger classified as non-polypoid on CTC or described as non-polypoid on
colonoscopy report that were visualized at colonoscopy. The 62 lesions were retrospectively
reviewed to: confirm morphology, histology, determine prospective sensitivity of CTC for
non-polypoid adenomas =5mm, determine potential reasons for failed detection at CTC,
assess morphologic appearance, and evaluate the conspicuity on different CTC window
settings.

Retrospective Central CTC Analysis

All CTC examinations with an adenomatous polyp =5mm in size coded as non-polypoid at
colonoscopy or CTC and with a polyp confirmed at colonoscopy were retrospectively
reviewed for polyp analysis by one radiologist with an experience of reading over 500 CTC
exams. If the polyp was only seen by colonoscopy, the CTC exam was reviewed to
determine if the polyp could be seen in retrospect. Polyps definitely seen at CTC (using
standard matching rules)(37) were further analyzed using magnified multiplanar reformatted
two-dimensional images, which showed the largest size of the lesion. The maximum width
and height of the polyp was recorded on both the supine and prone acquisitions. The non-
submerged index polyp surrounded by air was reviewed on three different window settings
including lung (1500/-600), soft tissue (400/0) and colon (1000/0) and the conspicuity of the
polyp on each window was noted (1=not visualized; 2=barely visualized; 3=adequately
visualized; 4=excellent visualization). Because submerged polyps are difficult to visualize
on lung windows, and given a wider window setting is required for visualization of
submerged polyps, conspicuity was not compared on positions were the polyp was
submerged. CTC datasets were also reviewed to determine potential causes for failed
detection of polyps reported at colonoscopy (quality, perception, occult, characterization).

Central Determination of Non-polypoid Adenoma Criteria

Figure 1 shows the algorithm that was used as the non-polypoid adenoma criteria. In
summary, central readers (one gastroenterologist and one radiologist) examined all
adenomas identified by site gastroenterologists or radiologists as being of non-polypoid
morphology. These central readers then strictly applied restricted criteria to select polyps
that had both a height <3mm and height:width ratio of <50%. The central gastroenterologist
utilized reports and endoscopic photos. If the images obtained at colonoscopy were not
adequate to allow the central gastroenterologist to determine if the polyp had a non-polypoid
morphology it was coded as indeterminate and the description on the site colonoscopy report
was used. The central radiologist separately measured all lesions on CTC identified by the
site radiologists and central gastroenterologist (if the polyp was visualized on CTC).
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Comparison of Non-polypoid vs. Polypoid Sensitivities

To compare the sensitivity for detecting non-polypoid vs. polypoid adenomas and
nonadenomas, the results for the combined primary 2D and primary 3D interpretations from
two separate radiologists for the original ACRIN trial were calculated as these were not
included in the original study (37). If the polyp was detected on either the primary or
secondary interpretation it was considered to be detected. It should be noted that in the
initial ACRIN trial only one interpretation (initial randomization) was reported, so this
report uniquely describes the combined 2D and 3D sensitivities for the entire cohort of
adenomas and for the non-polypoid adenomas.

Statistical Method

Results

Descriptive statistics are used to report the prevalence, size, and histology of non-polypoid
adenomas. The primary unit of analysis was the adenomatous polyp. 95% Cls for the
estimates of sensitivity were presented as the exact confidence intervals (Clopper-Pearson).
Sensitivities for the non-polypoid and polypoid lesions are compared with a two-sided Z test
statistic for two independent binomial proportions. The significance level is set at 0.05.
Statistical analyses were implemented with SAS 9.1.

All adenomas =5 mm

The National CT Colonography Trial reported 374 adenomas or adenocarcinomas =5mm in
diameter in 2531 adults. In this analysis, due to the review of the colonoscopy and pathology
reports, one polyp that was not included in the primary article was measured as 5mm at
colonoscopy and included as a non-polypoid polyp. Thus the total number of adenomas = 5
mm reported here are 375 rather than the previously reported 374. Of the 375 adenomas = 5
mm, 62 polyps visualized at colonoscopy were described by the site gastroenterologist or
radiologist to be non-polypoid (5 described by both the site endoscopist and radiologist, 20
by the site endoscopist alone and 37 by the site radiologist alone). These 62 polyps were
then analyzed by the central readers to determine if they met restricted criteria for non-
polypoid adenomas (Figure 1).

Non-polypoid adenomas =5 mm

Of the 62/375 adenomas that were reviewed retrospectively, 21 lesions from 21 participants
met our restricted criteria for a non-polypoid adenoma (Figure 1). The overall prevalence
was 0.83% (21/2531 participants) at the participant level (13 male, 8 female, mean age =
60.4, range 50 - 71 years).

The mean diameter of the non-polypoid adenomas was 9.1mm (range 5-25mm) and the
majority were located in the cecum (n=8) and transverse colon (n=6) with a few polyps in
the ascending (n=3), descending (n=3) and sigmoid (n=1) colon. Examples of the
appearances of these lesions are shown in Figures 2-5.

Of these non-polypoid adenomas, 8/21 (38.1%) were advanced adenomas based on size of
>1cm (n=5), high-grade dysplasia (n=1) or villous component (n=4). One large polyp
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possessed both high grade dysplasia and villous component, so only 3/16 polyps < 1cm in
diameter had advanced pathologic features secondary to tubulovillous components, none had
high-grade dysplasia and none were purely villous.

Using the methods described above, combining 2D and 3D CTC interpretations, the overall
per polyp sensitivity of CTC for detecting non-polypoid adenomas = 5mm, = 6mm and
=210mm was 0.76 (95% CI 0.54 to 0.90), 0.75 (95% CI 0.49 to 0.90) and 0.80 (95% ClI 0.31
to 0.97), respectively. These results are similar to the sensitivities for all of the polypoid
adenomas in the National CT Colonography Trial using combined 2D and 3D interpretation,
which were 0.68 (95% CI 0.62 to 0.72, n=354), 0.75 (95% CI 0.69 to 0.80, n=253) and 0.85
(95% C1 0.0.78 to 0.90, n=123) for adenomas = 5mm, = 6mm and =10mm respectively
(Table 2). There were no statistical significant differences between the sensitivities of non-
polypoid and polypoid adenomas (p >0.37). The false negative rate for all non-polypoid
polyps = 5mm was 24% (5/21) with 95% CI 8-47%. Five of the six non-polypoid adenomas
not seen prospectively could be seen in retrospect. Therefore, 95.2% (20/21) of non-
polypoid adenomas in this group of patients technically could be seen. The most likely
reason for failed detection in the five cases seen in retrospect was perceptual errors.

The individual sensitivity (a potential indicator of conspicuity) of detecting non-polypoid
adenomas = 5mm for primary 2D interpretation was 0.52 (11/21, 95% CI 0.30 to 0.74) and
for primary 3D interpretation 0.33 (7/21, 95% CI 0.15 to 0.57), which was not significantly
different (p=0.21). For non-submerged polyps, the polyp conspicuity rank for lung, soft
tissue and colon window had mean values of 2.8, 2.7, and 2.9, respectively and were not
significantly different from each other (p=0.074).

Non polypoid, non-adenomas =5 mm

There werel8 non-adenomatous, non-polypoid polyps (17 hyperplastic polyps, 1
condyloma). The CTC sensitivity for detecting non-polypoid, non-adenomatous polyps
>5mm, =6mm, =1cm in diameter using combined 2D and 3D interpretation was 0.56 (n=18,
95% CI 0.34, 0.75), 0.62 (n=13, 95% CI 0.36 to 0.82) and 0.00 (n=2, 95% CI 0 to 0.84)
which was not significantly different from that for detecting polypoid, non-adenomatous
polyps (p>0.31) (Table 2).

Carpet Lesions

Of our 21 non-polypoid adenomas, 5 could be considered carpet lesions with a diameter of
=1cm. No non-polypoid adenomas meeting our restricted criteria of a 3mm height threshold
measured >3cm in diameter.

Non polypoid lesions 2 5 mm seen at CTC but not colonoscopy

Ninety-seven polyps (mean size=10.8 mm, range 5 - 57mm) were coded as non-polypoid at
CTC but were not detected at colonoscopy. None of these patients underwent repeat
colonoscopy so these may represent either CTC false positives or colonoscopy false
negatives.
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DISCUSSION

Non-polypoid adenomas have been classified according to macroscopic criteria from the
Japanese Research Society and Paris Classification (18, 21, 40). One potential reason
mentioned for the wide variation in prevalence includes the variable criteria used for
classification of non-polypoid adenomas. Initial reports of non-polypoid adenomas used
criteria of a height to width ratio of <50%. However more recently, experts have
recommended more strict criteria of a height of <3mm (15, 35, 36). In a large prospective
study of 5107 adults, the maximum height averaged 2.2mm and was <3mm in 86% for all
non-polypoid lesions between 6 and 30mm, (15).

Prevalence rates of non-polypoid adenomas using colonoscopy for detection in variably
defined subject populations have ranged from 13 to 48% in Japan and 7-55% in Western
countries. (2, 4, 6, 8, 9, 13, 17, 19, 20, 22, 26, 28, 29, 32-34). There is substantial
controversy regarding the clinical significance of non-polypoid adenomas with varied
reports of definition, prevalence, biologic behavior and appropriate screening techniques (4,
18, 30, 31).

The prevalence of non-polypoid or flat adenomas (superficial elevated) using restricted
criteria was very low (0.83%) in our study. In other screening studies, the prevalence of non-
polypoid adenomas was higher at 4.2% (n=1233 patients) (43) and up to 13.1% using a 3mm
height criteria (15). There are several potential reasons for the lower prevalence seen in our
study. First, we used more restrictive criteria (<3mm height on both colonoscopy and CTC)
than has been used in other studies. Secondly, we did not require the uniform use of dye
spraying that has been suggested to enhance detection at colonoscopy. This has been
mentioned as a potential cause for underestimation of prevalence in other studies and may
have had an impact on our study results. Potentially some of the false positive CTC
interpretations represented polyps that were missed at colonoscopy. Thirdly, we only
included polyps that could be confirmed to have non-polypoid morphology on colonoscopy,
as historically the morphologic classification has been based on the endoscopic appearance
of these polyps. Therefore those polyps that appeared non-polypoid on CTC only were not
included. Pickhardt et al. found in a study of 59 flat adenomas that 17 were flat on both
techniques, 17 on colonoscopy only and 25 by CTC only (16). Finally, we only used the
subjective description included in the colonoscopy report to identify non-polypoid polyps. It
is possible that additional non-polypoid polyps were not described as such and could have
been inadvertently excluded.

A higher percentage (38.1%) of our non-polypoid adenomas were advanced adenomas
compared to prior studies with ranges of 7.3% -8.5% (43, 44). Similar to their studies,
however, many of the advanced adenomas were secondary to their large size (=1cm), not
advanced histology. None of the advanced adenomas in our study contained carcinoma. In
addition, only 3/16 non-polypoid adenomas <1cm had villous components and none had
high grade dysplasia. In a large screening study of 3,536 persons, of the 9 non-polypoid
advanced adenomas, none had high grade dysplasia (44). Other large CTC screen studies
have also shown that non-polypoid lesions are less likely to have advanced histology or
malignancy than polypoid lesions (15).
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Despite the perception that these polyps may be more difficult to detect than routine
polypoid lesions, there was no significant difference in detection based on morphology in
our study. Prior studies have also shown excellent detection of flat polyps. For example, in a
CTC screening study of 5107 individuals, Pickhardt et al. detected 954 polyps =6mm in size,
13.1% of which were non-polypoid using a 3mm height criteria. Since perceptual errors
were postulated to be the most common reason for failure to detect the missed non-polypoid
polyps, adequate training, excellent exam quality and meticulous interpretation technique
should enhance detection. While we did not validate a specified window setting for the
detection of non-polypoid polyps, window settings should be interactively changed during
2D interrogation to permit discrimination between fluid and stool tagging, air and soft tissue
attenuation polyps.

To our knowledge, we report the first comparison of sensitivity for primary 2D to primary
3D interpretation for specifically detecting non-polypoid lesions in a blinded prospective
study. Our study showed that the sensitivity for detection using primary 2D tended to be
higher than for primary 3D interpretation, however the difference was not statistically
significant. While most radiologists combine a primary 2D and 3D interpretation approach
into their reading algorithm, the blinded prospective interpretation used in this study
provides new data regarding the conspicuity of non-polypoid adenomas. These data
emphasize that a combination of primary 2D and 3D interpretation techniques likely
optimizes sensitivity as some of these lesions may be more conspicuous on one technique.
Using a primary 3D interpretation approach, Pickhardt et al. showed no significant
difference in the detection between non-polypoid and polypoid polyps (82.8% vs. 86.2%
respectively) (16). Park et al reported a lower sensitivity of 66.7% (12/18) for detecting non-
polypoid adenomatous lesions =6mm using a primary 3D approach, however, they evaluated
smaller lesions with a height criterion of <2mm (40).

Carpet lesions or lateral spreading tumors represent a unique subgroup of non-polypoid
polyps more commonly seen in the rectum and cecum. These are non-polypoid neoplasms
that extend circumferentially rather than vertically. Different size criteria have been
proposed including polyps = 1cm (18, 45) or = 3cm (15). Five of the non-polpoid adenomas
meeting our restricted criteria could be considered carpet lesions with a diameter of =1cm.
However, none of the non-polypoid adenomas meeting our restricted criteria of a 3mm
height threshold measured >3cm in diameter. Pickhardt et al. also showed all of their carpet
lesions =3cm exceeded 3mm in height (15).

Several limitations to our study should be acknowledged. Advanced endoscopic techniques
such as dye spraying were not widely used in our study. Some investigators have
recommended this technique to improve detection of flat lesions and the lack of utilization
has been proposed as a reason for lower prevalence in western countries. Another limitation
is that histologic criteria for non-polypoid adenomas (thickness less than twice the adjacent
normal mucosa) that have been previously published were not specifically utilized in the
central review of the polyps in the ACRIN 6664 study (7, 12-14, 21). Had the criteria been
applied to all polyps prospectively, additional polyps may have been identified. We did not
record the presence of serrated histology so we are unable to determine the prevalence of
this finding in hyperplastic polyps. Retrospective analysis of endoscopic photos for height
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and morphologic assessment was subjective and limited by the lack of a forceps for internal
calibration in most cases. Measurement of the polyp size on CTC was performed manually
and an automated process may have provided more accurate quantitative measurement.
Finally, a large number of non-polypoid polyps detected at CTC, were not seen at
colonoscopy. Patients did not undergo repeat colonoscopy or have segmental unblinding as
performed in other studies to further assess the false positive exams. Therefore, we are
unable to determine the true specificity of CTC, as some of these polyps potentially may
have been missed at colonoscopy.

In conclusion, in this large asymptomatic colorectal cancer screening group, non-polypoid
adenomas had a very low prevalence (<1%). 38% of non-polypoid adenomas were advanced
adenomas, many based on size =10mm. Advanced pathologic features such as villous
components were uncommon in non-polypoid adenomas <1cm and high grade dysplasia
absent. The majority of non-polypoid adenomas are technically visible at CTC with
prospective sensitivities similar to polypoid polyps using a combined two-dimensional and
three-dimensional interpretation approach.
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Fig. 2. Cecal Tubular Adenoma
A 10 x 2 mm tubular adenoma with low-grade dysplasia is seen in retrospect at the base of a

fold in the cecum (arrows) on supine 2D (A), prone 2D (B), 3D endoluminal (C) and
colonoscopy (D). Note the polyp is submerged in tagged fluid on the supine images and
would be obscured on supine endoluminal views without fluid subtraction. The linear
configuration could be misinterpreted as a fold however this is immediately adjacent to a
normal-appearing fold and only extends a short distance.
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Fig. 3. Cecal Tubulovillous Adenoma
9 x 3mm tubulovillous adenoma with low-grade dysplasia in the cecum (arrows) on 2D (A),

3D endoluminal (B) and colonoscopy (C). The polyp is near the base of a fold and was only
seen on the prospective 2D interpretation technique.
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Fig. 4. Ascending Colon Tubular Adenoma
8 x 3mm tubular adenoma in the ascending colon along a fold (arrows) seen in retrospect on

2D supine (A), 2D prone (B), 3D endoluminal (C) and colonoscopy (D). On the 3D
endoluminal views, the less than optimal distension causes some irregularity of the mucosa
that potentially could have obscured the detection of the polyp. On the 2D views, the focal
enlargement of the fold should raise suspicion for an associated polyp.
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Fig. 5. Cecal Tubulovillous Adenoma
8 x 2mm low-grade tubulovillous adenoma in the cecum (arrows) seen in retrospect on 2D

lung window (A), soft tissue window (B), colon window (C) and 3D endoluminal (D)
images. In this example the polyp is seen well on all three window settings.
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