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Introduction

Colorectal cancer is one of the most common causes of cancer-related deaths worldwide.
The incidence continues to rise steadily because of increasing obesity and greater adoption
of Western diets by developing countries.! While white light colonoscopy is widely used for
screening, up to 25% of adenomas may be missed.2 Moreover, proximal lesions are more
likely to be non-polypoid (flat) in morphology and difficult to visualize.3 A number of
advanced imaging methods based on non-specific detection mechanisms have been
developed but have not demonstrated a clear improvement.* Peptides have been used
intravenously to target detection of adenomas with fiber optic colonoscopes that have limited
resolution and are no longer used.> With topical administration, delivery of exogenous
imaging agents can be localized to known segments of colon that are at risk to maximize
image contrast, minimize background, reduce quantity of agent needed, and increase safety.
Here, we demonstrate clinical use of a novel, multi-modal video colonoscope to detect non-
polypoid adenomas in the proximal colon that is sensitive to fluorescent imaging agents.
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Description of Technology

The multi-modal video colonoscope (CF-Y0012, Olympus) was designed for forward
viewing with two separate standard definition detectors to collect either white light (WL) or
fluorescence images, shown in schematic, Fig. 1A. All modes of illumination are delivered
through two standard fiber optic light guides. A filter (520-600 nm) is located between the
fluorescence objective and detector to allow light from FITC to pass. Reflectance images
(540-560 nm) can be collected that are co-registered with fluorescence. The white light and
fluorescence/reflectance images are collected at 20 and 10 frames/sec, respectively, Fig. 1B—
D, and all images are displayed on the monitor at 30 frames/sec. A summary of the optical
and instrument parameters is shown, Fig. 1E. The maximum divergence angle and depth-of-
field of all imaging modes are similar to that of a conventional colonoscope and allow for
the proximal colon to be rapidly visualized. A standard nozzle (aw) provides air for
insufflation and water to clear the lens. The dimensions of the distal end (14.8 mm), working
length (1680 mm), and total length (2010 mm) are identical to that of a conventional video
colonoscope. Videos are recorded in MP4 format with 8-bit intensity (0-255 gray levels)
using an image digitizer (IMH-10, Olympus). The entire system, including the endoscope,
light source, video processor, and image digitizer, is contained on a portable instrument cart.

Video description

We performed a clinical demonstration of this novel instrument during surveillance
colonoscopy in a 74 year old male with a history of polyps in the proximal colon. This
procedure was approved by the University of Michigan IRB and the FDA (IND #116,907).
A cap was placed on the distal end of the multi-modal video colonoscope to flatten colonic
folds for improved visualization of non-polypoid lesions. The instrument was used first in
the white light mode to identify regions of mucosa that appear suspicious for harboring
disease. The white light video shows a 12 mm non-polypoid adenoma in the ascending colon
that may easily have been missed on routine surveillance, Fig. 2A. The peptide KCCFPAQ,
shown previously to bind rapidly and specifically to colonic adenomas,? was labeled with
FITC (fluorescein isothiocyanate) to match the detection parameters of the fluorescence
filter. Fluorescein has a well-known safety profile and is FDA approved for human use. The
peptide was topically administered to the mucosa in the proximal colon at a concentration of
76.4 UM (1.2 mg in 10 mL of 0.9% NacCl) via a spray catheter passed through the instrument
channel.

After 5 min for incubation, water was used to rinse away the unbound peptides. The imaging
mode was changed to fluorescence, and the resulting high contrast images show the lesion
with increased intensity from peptide binding, Fig. 2B. There is minimal background from
surrounding normal mucosa. A push button on the endoscope handle is used to change the
imaging mode to reflectance, Fig. 2C. These images are co-registered with fluorescence and
are used in a ratio to correct for differences in distance and geometry between the tissue and
detector over the image field-of-view. This step allows for the image intensities to be
quantified and is particularly useful for detecting lesions at large angles.” Although not as
fast as white light, the fluorescence videos showed minimal motion artifacts (blurring). Co-
registered fluorescence and reflectance images (540x540 pixels) were processed by
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subtracting an intensity of 12 gray levels from either image that corresponds to the detector
read-out with no illumination (dark frame). The ratio images were segmented using a unique
threshold that maximized the variance between high and low intensities to assign pixels with
greater fluorescence intensities as “diseased.”® This process defines a “red flag” region
(dashed red line) that can be shown as an overlay on the white light image to help guide
physician biopsy, Fig. 2D. The resected lesion was found on pathology to be a sessile
serrated adenoma. No adverse events associated with either the prototype instrument or
peptide occurred.

Take home message

A multi-modal video colonoscope can collect in vivo real time wide-field images of non-
polypoid colonic adenomas using fluorescently-labeled peptides. Targeted detection is based
on molecular expression rather than morphological changes, and may be effective for
improved early detection of colorectal cancers found in the proximal colon that arise from
flat pre-malignant lesions that are difficult to visualize. This instrument has similar
appearance, dimensions, and handling to that of a conventional colonoscope, and can be
translated seamlessly into the clinic.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Multi-modal video colonoscope
A) Schematic of prototype instrument. Separate standard definition detectors are used to

collect either B) white light (WL) or C) fluorescence images. A filter located in between the
fluorescence objective and detector passes light from FITC. D) Reflectance images collected
with the same detector are co-registered with fluorescence. E) Summary of optical
parameters. White light and fluorescence/reflectance images are collected at 20 and 10
frames/sec, respectively. aw — air/water nozzle.
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Instrument

“Light
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E White light Fluorescence Reflectance
lllumination (nm) 400-700 450490 540-560
Collection (nm) 400-700 520-600 540-560
Imaging speed (frames/sec) 20 10 10
Divergence angle (deg) 140 140 140
Depth-of-field (mm) 7-100 5-100 5-100

Fig. 2. Detection of non-polpoid adenoma
A) A cap is placed on the distal end of the multi-modal video colonoscope to flatten mucosal

folds for improved visualization. On white light, a non-polypoid lesion (arrow) is seen in the
proximal colon that could easily be missed. B) After topical peptide administration, the
lesion is clearly visualized with fluorescence. Normal colon shows minimal background. C,
D) The registered reflectance image was used to produce a ratio-image, shown in pseudo-
color, that corrects for distance and geometry. Intensities can be quantified to outline the
extent of the lesion (dashed red line) and guide resection.
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