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Abstract

Objective—It is known that hyperplastic polyps are more difficult to detect than adenomatous
polyps at CT colonography (CTC) and it has been theorized that this is because hyperplastic
polyps are flatter. Using automated software that computes polyp height, we determined whether
hyperplastic colonic polyps on CTC are indeed flatter than adenomatous polyps of comparable
width.

Materials and Methods—1186 screening patients at 3 medical centers underwent oral contrast-
enhanced CTC and same-day optical colonoscopy (OC) with segmental unblinding. 185 of the
patients had at least one hyperplastic or adenomatous polyp 6-10 mm in size visible at CTC,
where size was determined by a calibrated guidewire at OC. To assess flatness, the heights of the
polyps at CTC were measured using a validated automated software program. Heights and height-
to-width ratios of the hyperplastic polyps were compared to those of the adenomatous polyps
using a t-test (two-tailed, unpaired, unequal variance).

Results—There were 176 adenomatous and 83 hyperplastic polyps visible at segmentally
unblinded OC. The fraction of these polyps that were measurable at CTC using the automated
software was not significantly different for adenomatous versus hyperplastic polyps (158/176,
89.8% versus 73/83, 83.9%, p=0.2). The average height-to-width ratios using automated width
measurements were 15% less for hyperplastic polyps: 0.39+0.20 (n=158) and 0.33+0.19 (n=73)
for adenomatous and hyperplastic polyps, respectively (p=0.03). When polyps of comparable OC
size or CTC width were considered, the heights of hyperplastic polyps were up to 27% less than
those of adenomatous polyps.

Conclusions—~For 6-10 mm polyps of a given size as determined by optical colonoscopy or a
given width at CT colonography, hyperplastic polyps tend to be flatter (i.e., have lower height)
compared to adenomatous polyps.
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INTRODUCTION

Most colorectal cancers are thought to arise from malignant transformation of adenomatous
polyps [1]. Consequently, the adenomatous polyp is the primary target for colorectal cancer
screening with CT colonography [2—-4]. However, non-adenomatous polyps, the most
common of which are hyperplastic polyps, may be incidentally detected at CT colonography
and lead to unnecessary polypectomy. Fortunately, non-adenomatous polyps are more
difficult to detect at CT colonography [5]. The reasons for this lower sensitivity are not fully
understood. Subjective visual inspection of non-adenomatous polyps at colonography and
colonoscopy suggests that such polyps are more frequently flat and more easily compressed
during gaseous distention of the colon [5, 6].

Using a validated automated quantitative assessment of polyp height and width, we
determined whether hyperplastic colonic polyps on CTC are objectively flatter than
adenomatous polyps of comparable width [7, 8].

MATERIALS AND METHODS

Written informed consent for retrospective research was obtained from all patients during
the initial study [9]. The initial study was approved by the institutional review board and the
retrospective study used data that was exempt. Both studies complied with the Health
Insurance Portability and Accountability Act. The research was performed in part using
software donated by Viatronix (Stony Brook, NY). Researchers who were not Viatronix
board members had full control over the data.

Patient population (Figure 1)

The patient population consisted of 1233 screening patients who underwent same day CT
colonography and segmentally unblinded optical colonoscopy. Full CT colonography and
optical colonoscopy data were available for 1186 of these patients. 185 of these patients had
one or more adenomatous or hyperplastic polyps measuring from 6 to 10 mm at optical
colonoscopy and visible at CTC and formed the study cohort. The average patient age was
59.4+7.2 years (range 46 to 79). There were 124 men and 61 women.

Patient preparation

Patients underwent a 24-hour clear-liquid diet colonic preparation that included orally
administered laxatives [90 mL of sodium phosphate (Fleet 1 preparation; Fleet
Pharmaceuticals, Lynchburg, VA) and 10 mg of bisacodyl [10]] and oral contrast agents in
divided doses [500 mL of barium sulfate (Scan C, Lafayette Pharmaceuticals, Lafayette, Ind;
2.1% by weight) and 120-mL diatrizoate meglumine and diatrizoate sodium (Gastrografin;
Bracco Diagnostics, Princeton, NJ)] [9].

CT Scanning

CT scanning was performed in both the supine and prone positions during a single
breathhold following patient-controlled insufflation of the colon with room air via a
smallflexible rectal catheter. The CT scanning parameters were 1.25-to-2.5-mm collimation,
a table speed of 15 mmper second, a reconstruction interval of 1 mm, tube current and
voltageof 100 mAs and 120 kV, on a four or eight-channel CT scanner (Light Speed or
LightSpeedUlItra, General Electric Medical Systems). The CTC scans were prospectively
interpreted by board certified radiologists prior to optical colonoscopy.
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Optical Colonoscopy

OC was performed by one of 17 experienced colonoscopists. The colonoscopists measured
polyp size using a calibrated guidewire. OC was performed using segmental unblinding, in
which CTC findings were revealed during OC to create an enhanced reference standard.
Polyp type was determined by histopathology.

Assessment of Polyp Shape

Both the radiologists and colonoscopists prospectively provided a subjective assessment of
polyp shape (sessile, pedunculated or flat) using generally accepted criteria. Sessile polyps
were those having a broad base of attachment and a height greater than or equal to % the
width of the base. Pedunculated polyps were those having a visible stalk. Flat polyps were
those having a height less than ¥ the width of the base. For pedunculated polyps, the polyp
size was that of the head of the polyp excluding the stalk. Polyps described by the
radiologists as “oval”, “ovoid” or “round” were included in the sessile category.

Polyp Identification

Using the optical colonoscopy findings, polyps located at optical colonoscopy were matched
to polyps identified at CT colonography. Polyps were matched if they were within one
colonic segment and 50% of the size of the polyp found at optical colonoscopy. The
matching was done by research trainees under the supervision of a board certified
radiologist. For each matched polyp, the location of a voxel within the polyp was recorded
in a computer file. The matching accuracy for the more difficult to match 6 — 9 mm polyps
was subsequently reviewed by a second board certified radiologist. If the second radiologist
disagreed with a match, the disagreement was resolved upon further review of the polyp by
the first radiologist.

Automated Assessment of Polyp Height and Width

To assess flatness, the heights of the polyps at CTC were measured using a validated
automated software program [7, 8]. The program uses a topographical height map to locate
the base of the polyp and then computes the height as the perpendicular distance from the
base to the tip of the polyp. For polyps measurable on both supine and prone scans, one of
the two measurements was chosen randomly per polyp.

Because OC size measurements could incorporate height as well as width, the analysis was
repeated using a validated automated measurement of polyp width that computes the width
as the average circumferential span of the polyp base [8]. Automated width measurements
could fall outside the 6 — 10 mm range depending upon polyp shape and measurement
uncertainties at CTC and OC. The height-to-width ratio (height/width) was also calculated.

The previously reported 95% Bland-Altman limits of agreement (mm) comparing manual
and automated polyp measurements were (-1.5 mm, 1.8 mm) for height and (-4.3 mm, 1.7
mm) for width [8, 11]. The OC and CTC size measurements are shown schematically in
Figure 2.

Relationship of Polyp Height to Radiologists’ and Colonoscopists’ Assessments of Polyp

Shape

To ascertain the relationship between physicians’ assessments of polyp shape and automated
measurement of polyp height, the average polyp heights were calculated for each grouping
by polyp shape (flat, sessile, pedunculated). False negative polyps at prospective radiologist
interpretation were excluded.
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Statistical analysis

Mean values were compared using a t-test (two-tailed, unpaired, unequal variance) or
ANOVA (Microsoft Excel). Fractions were compared using the Fisher exact test using an
online calculator [12].

The size distribution of the polyps seen at OC and CTC are shown in Table 1. The
proportion of polyps that were adenomas at OC and CTC were similar (176/263, 66.9 % vs.
162/238, 68.1%). Automated height and width measurements could be obtained for 231
(97.1%) of the 238 polyps visible at CTC (all but 4 adenomatous (three 6 mm and one 7mm
in size at OC) and 3 hyperplastic polyps (one 6 mm and two 8 mm in size at OC)). For the
231 polyps, 199 (137 adenomas, 62 hyperplastics) supine and 197 (133 adenomas, 64
hyperplastics) prone measurements could be obtained (112 adenomas, 53 hyperplastics), and
of these one random measurement per polyp was used of which 116 (81 adenomas, 35
hyperplastics) were on the supine and 115 (77 adenomas, 38 hyperplastics) were on the
prone CTC (p=NS for comparing ratios of adenomas to hyperplastics on supine versus
prone). The fraction of measurable polyps that were measurable on only one scan (supine or
prone) was not significantly different for adenomatous compared to hyperplastic polyps
(46/158, 29.1% versus 20/73, 27.4%, p=0.9). The distribution of adenomatous and
hyperplastic polyps was not significantly different for patients scanned at 2.5 or 1.25 mm
collimations (fraction at 2.5 mm collimation: 100/158 for adenomatous and 53/73 for
hyperplastic polyps, p=0.2). The fraction of polyps visible at segmentally unblinded OC that
were measured was not significantly different for adenomatous versus hyperplastic polyps,
either for comparisons by size (0.1 <p <0.8) or for all sizes (158/176, 89.8% versus 73/87,
83.9%, p=0.2; Figure 1).

The average height of the adenomatous polyps was 0.3 mm greater than that of the
hyperplastic polyps (2.9£1.2 mm [n=158] vs. 2.6+1.1 mm [n=73], p = .03). The 0.4 mm
decreased width for adenomatous polyps was not statistically significant (8.0+2.4 mm
[n=158] vs. 8.4+2.3 mm [n=73], p=0.26). The average height-to-width ratios using
automated width measurements were 15% less for hyperplastic polyps: 0.39+0.20 (n=158)
and 0.33%0.19 (n=73) for adenomatous and hyperplastic polyps, respectively (p=0.03). For
polyps of a given size as determined by optical colonoscopy or a given width at CT
colonography, hyperplastic polyps tended to be flatter (i.e., had lower height) by 2 — 27% on
average compared to adenomatous polyps (p=NS for all but one size group).

Comparison of the polyp heights grouped by polyp shape showed that pedunculated polyps
tended to have the greatest average heights, followed by sessile and then flat polyps, both at
the radiologists’ and colonoscopists’ assessments (Table 2). The height-to-width ratios
followed the same pattern. Of note, the radiologists called nearly twice as many polyps flat
as did the colonoscopists. 78/158 (49%) of the adenomatous and 46/73 (63%) of the
hyperplastic polyps had a height of 2 mm or less and/or a height-to-width ratio of less than
1/3 (p=.07).

The heights and height-to-width ratios of adenomatous polyps found (true positives) or
missed (false negatives) at the initial prospective radiologist’s interpretation of the CTC
images were similar, but those of hyperplastic polyps trended lower for missed polyps
(Table 3).

Representative polyps and their automated height and width measurements are shown in
Figure 3 and Figure 4.
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DISCUSSION

We found that hyperplastic polyps were up to 27% flatter than adenomatous polyps of
comparable size. On average, the height-to-width ratio was 15% less for hyperplastic polyps.
The nominal height differences were small but substantial when considered as a fraction of
average polyp height. The height differential between adenomatous and hyperplastic polyps
was statistically significant for all polyps. Hyperplastic polyps missed at prospective
radiologist interpretation tended to be flatter than hyperplastic polyps that were found. Since
it is known that flatter polyps are more difficult to detect at CT colonography, these findings
may explain why hyperplastic polyps are detected with lower sensitivity than adenomatous

polyps.

Due to substantial overlap in the height distributions, height was not diagnostic for
individual polyps. This result was expected since adenomatous and hyperplastic polyps are
known to be indistinguishable at CTC.

Pedunculated polyps had the greatest height, followed by sessile and flat polyps. These
results were consistent between radiologists’” and colonoscopists’ assessments of polyp
shape. Of note, the mean CTC polyp heights were less than half the optical colonoscopy
polyp size for all shape categories. This finding calls into question the definition of polyp
flatness (height less than half width) used by many authors since in our study more than half
of polyps fit that definition. Based on our findings, a more appropriate definition of a 6-10
mm flat polyp would be a polyp having a height of 2 mm or less or a height-to-width ratio of
less than 1/3. However, 49% of medium-sized adenomatous and 63% of medium-sized
hyperplastic polyps would fit either or both of these two definitions. The C-RADS uses a
similar definition of a flat lesion (“<3 mm of vertical elevation above the colonic mucosa”)
[13].

We confirmed that the proportions of measurable (at CTC) to total (at OC) adenomatous and
hyperplastic polyps were not significantly different. This finding reduces the possibility of
selection bias for non-flat polyps. We also confirmed that there were similar proportions of
adenomatous and hyperplastic polyps measureable on only one view and that the
proportions of adenomas to hyperplastics were similar on the supine versus prone views,
reducing the possibility of bias for polyps visible on only one view. There were also similar
proportions of adenomatous and hyperplastic polyps on the scans with 2.5 mm and 1.25 mm
collimations, reducing the possibility of a bias due to slice collimation.

A number of investigators have developed methods of automated polyp size measurement
[14-18]. These methods assessed polyp width or a combination of width and height, but not
height alone, since the focus was to obtain a measurement comparable to the size
measurements determined at optical colonoscopy. The height map algorithm used in this
paper was tested on 226 polyps and found to agree well with manual assessment of polyp
height [7, 8].

The detection of flat and/or hyperplastic colorectal lesions at CTC has been the subject of
several investigations. In the recently reported ACRIN CTC trial, the sensitivity for
detecting patients with large adenomas was 90% and with all histologic types of polyps was
87% [19]. Since large hyperplastic polyps were 1/6™ as frequent as adenomas in that study,
it may be inferred that the sensitivity for detecting them was approximately 70-75% (an
estimate, since per polyp sensitivity was not provided for hyperplastic or other
nonadenomatous polyps in that study). In one study, flat colorectal lesions were more
difficult to detect at CT colonography, and those less than 2 mm in height were not
detectable at all [20]. In another study, the sensitivities for detecting flat lesions (a
combination of adenomatous and hyperplastic lesions) ranged from 15 to 65% for three
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radiologists [21]. The authors used 5-mm collimation and either single- or four-detector row
CT scans. Five-mm collimation and single-detector scanning likely explain the low
sensitivities. In another study, the sensitivity for detecting hyperplastic flat lesions 6 mm or
greater was 76.7% compared to 82.8% for flat adenomas and 86.2% for non-flat adenomas
[22]. The potential underreporting of flat polyps at colonoscopy has been the subject of
recent interest and has raised the concern that the true sensitivity for detecting such polyps at
CTC may be even lower than that reported since optical colonoscopy is the gold standard for
CTC clinical trials [23]. Flat polyps were defined to be those with height less than one half
the width in [20-23].

Non-adenomatous polyps are also more difficult to detect than adenomatous polyps at
optical colonoscopy. In one study, using back-to-back colonoscopies, 28% of non-
adenomatous polyps, including hyperplastic polyps, were missed at the first colonoscopic
examination [24]. In a meta-analysis of tandem colonoscopy, 22% of adenomas and 27% of
non-adenomas were missed but this difference was not statistically significant [25]. In a
recently reported study, 31% of all hyperplastic polyps were missed at optical colonoscopy,
compared to a miss rate of 20% for all adenomas [26].

The relative difficulty of detecting hyperplastic polyps is potentially beneficial to patients
because hyperplastic polyps have little or no malignant potential and detecting such polyps
could lead to unnecessary polypectomy. There is evidence that some hyperplastic polyps
may become cancerous through the serrated polyp pathway [27, 28]. In our experience,
however, serrated polyps tend to be large and distinct from the subcentimeter hyperplastic
polyps in our study.

While it is not known why hyperplastic polyps would be flatter than adenomatous polyps, a
theory relating to their internal structure has been proposed. In this theory, hyperplastic
polyps may be softer than adenomatous polyps and when the colon is insufflated, they may
flatten out [29, 30]. This “disappearing phenomenon” has been used to predict the histologic
type of diminutive polyps in the rectum and rectosigmoid colon at optical colonoscopy, with
a sensitivity of 100% and specificity of 46.7% for polyps that completely disappeared [6].
The author of that study hypothesized that the disappearing phenomenon related to the
structure of hyperplastic polyps that is based on a delay in shedding of surface epithelial
cells, as opposed to excess cellular proliferation that is found in adenomas [6, 31]. We
attempted to ascertain whether polyp height was dependent upon degree of colonic
distention at CTC, but because colonic distention was generally good, there were an
insufficient number of polyps in less well-distended colon segments to serve as an
informative comparison group (data not presented).

The difficulty of detecting flat polyps on CTC likely relates to their poor visual conspicuity.
In a study of four radiologist observers who reviewed 29 proven polyps at CTC, visual
conspicuity was found to be correlated with polyp height but not polyp width [32]. This
finding was consistent with the observation that the greater the polyp height, the greater the
shadows and highlights in 3D endoluminal renderings where the light source is directed
close to the plane of the colonic surface [32]. Less conspicuous, flatter, polyps were in
general more difficult to detect by computer-aided detection software [32].

The current study has several limitations. First, the automated algorithm does not
differentiate polyp head and stalk for pedunculated polyps, potentially increasing the
assessment of automated width. We focused on 6—10 mm polyps rather than larger polyps
and masses because larger polyps and masses tend to form more complex shapes for which
height is more difficult to determine. Also, hyperplastic polyps larger than 10 mm are
relatively uncommon.
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conclusion, hyperplastic polyps are quantitatively flatter then adenomatous polyps; this

finding may relate to their internal structures and may explain why hyperplastic polyps are
more difficult to detect than adenomatous polyps at CTC.
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Figure 1.
Patient and Polyp Flowchart
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OC/CTC Size

CTC Height

CTC Width

Figure2.

Schematic of polyp size measurements. The polyp shape (curved line) is intentionally
skewed to exaggerate differences in the measurements, but polyps can have shapes similar
to that shown. “OC Size” is the measurement of polyp size at optical colonoscopy that best
approximates the maximum polyp size. “CTC Width” is the maximum width of the base of
the polyp. “CTC Height” is the maximum height measured perpendicular to the base.
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Figure 3.

Example of a hyperplastic polyp (arrows). Three-dimensional endoluminal (left) and two-
dimensional cross-sectional (perpendicular to centerline) (right) (A) prone and (B) supine
CT colonography images of a 8 mm flat hyperplastic polyp (white arrows) in the transverse
colon of a 58-year-old man. The polyp’s widths and heights computed by automated
software are (A) 6.4 and 3.5 mm and (B) 8.3 and 1.9 mm. For this polyp, there was a
substantial change in both width and height between the supine and prone scans suggesting
pliability.
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Figure4.

Example of an adenomatous polyp. Three-dimensional endoluminal (left) and two-
dimensional transverse (right) (A) prone and (B) supine CT colonography images of a 8 mm
sessile adenomatous polyp (blue arrows) in the rectum of a 66-year-old man. The polyp’s
widths and heights computed by automated software are (A) 10.0 and 5.0 mm and (B) 10.1
and 5.0 mm. Unlike the hyperplastic polyp in Figure 3, for this polyp there was no change in
either width or height between the supine and prone scans suggesting lack of pliability.
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Table 1
Size Distribution of Polyps
Visibleat OC (n) Visibleat CTC (n)
OC Size(mm) | Adenoma | Hyperplastic | Adenoma | Hyperplastic
75 33 67 28
6 69.4% 30.6% 70.5% 29.5%
38 22 35 19
7 63.3% 36.7% 64.8% 35.2%
34 20 33 19
8 63. 0% 37.0% 63.5% 36.5%
10 4 9 3
9 71.4% 28.6% 75% 25%
19 8 18 7
10 70.4% 29.6% 2% 28%
176 87 162 76
Total 66.9% 33.1% 68.1% 31.9%

Data are numbers (%) of polyps visible at segmentally-unblinded optical colonoscopy (OC) and upon retrospective review of CT colonography
(CTC). Polyp histologies other than adenomatous or hyperplastic (including one cancer) were excluded.
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Table 3

Polyp Height and Detectability at Radiologists’ Prospective Interpretation of CTC Images

Polyps Found at Prospective I nterpretation | PolypsNot Found at Prospective I nter pretation
Adenoma Hyperplastic Adenoma Hyperplastic
Height 2.9£1.2 2.7+11 3.0£1.3 1.9+1.0
[146] [64] [12] [9]
Height-to-Width Ratio 0.39+0.20 0.34+0.20 0.35+0.20 0.25+0.15
[146] [64] [12] [9]

Heights are in millimeters (meanzst. dev.). Numbers of polyps are in brackets. For adenomas in different groups, p=0.87. For hyperplastics,

p=0.07.

Height-to-width ratios are dimensionless. For adenomas in different groups, p=0.46. For hyperplastic polyps, p=0.14).
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