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Colon Cancer and Flat Lesions

» Colorectal cancer iIs the second leading cause
of cancer deaths in the US

— Estimated 50,000 in 2009 [Jemal et al., 2009]

» Flat lesions relatively common in Western
populations [Soetikno et al., 2008]

* Ten times more likely to contain carcinoma
than Type O-I [Ibid]

« Much harder to detect, even for trained doctors



Types of Colorectal Neoplasms

Image courtesy Soetikno et al., 2008



Recent Research
*» CAD schemes for Type O-l very successful

- Shape Iindex [Yoshida and Nappi, 2001]

-~ MTANN for false positive (FP) reduction [Suzuki
et al., 2008]

» Type O-I schemes generally do not adequately
detect flat lesions

* Type O-ll schemes are not “clinic-ready,” or are
non-existent

- Park et al., 2009 achieved 57.6% sensitivity

- Suzuki et al., 2009 achieved 67% sensitivity, 10
FPs/patient using precise shape (PS) index
derived from Yoshida/Nappi method



Our Database

e Same as the one used in Suzuki lab's PS Index
study

« 50 CTC scans with identified flat lesions from
multicenter clinical trial [Rockey et al., 20035]

e 25 patients, scanned in both supine and prone
positions

28 flat lesions in total, defined as being either
< 3mm in height or with height < %2 length of
the long axis

* Average size 9 mm, range 6-18 mm
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Fold and Lesion



Another View
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Morphology Basics

» “Spinning tangent line” technique, loosely
pbased on “rolling ball” [Sternberg 1983]

» Calculate normal vectors for each point in
mesh

* Generate sufficiently sized line segment on
tangent plane at each point and rotate

* If ine segment intersects with mesh at all
orientations, that point is considered a lesion
candidate voxel



Considerations

* How do we deal with the fact that the mesh is
discrete, not continuous?

— Allow for a certain amount of error around the
tangent line

 What if a point in a fold lies in the middle of a
plane? Won't the tangent line touch the mesh
at each point then?

- Raise the line above the mesh a small amount
by following the normal vector

 What is a good length for the line?
- 10
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Mathematics of Morphology

* Representing the plane

—

Lmin
Py
Pﬁ ($n1i-na py) Pﬁ (:Cma,:mpy)




Mathematics of Morphology

* Representing the plane

—

Lmin
Py
Pﬁ ($n1i-na py) Pﬁ (:Cma,:mpy)

« Rotate around normal vector using a sequence
of translation and rotation operations
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What is DBSCAN?

« Density-based
clustering algorithm
proposed by Ester et
al. (1996)

 Points are either core, + Core
border or noise Y Border
depending on how @ Noise
many other points
are in their

iImmediate vicinity



From Independent Voxels to Lesion
Candidates

» Use DBSCAN to assign voxels to clusters

- Main advantage-unnecessary to pick a starting
number of centroids

* Problem: Many colon features and some lesions are
detected several times with this method

« Solution: Merge clusters whose centroids are within a
certain distance

« Size thresholding to cut out noise and overly large
components such as lungs
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Before and After CAD




Results

Spinning Tangent e Shape

: Shape
Line (Kawaler and Index Index

Ferraro) (Suzuki) (Yoshida)

=20, L=25,
U=200 U=200

Sensitivity
bypolyp) 5270 9%

FP (per
patient) 31 28
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(A) Poor scan quality (E) Oddly shaped folds
(B) Rectal tube (F) Oddly shaped fold
(C) Stool (G) Faint folds

(D) Stool on haustral folds (H) Lung
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for LDA, SVM
arallel MTANN

coring méthod for candidate voxels

« Speed it up!



Thanks to...

» Everyone in the Suzuki lab, with special thanks
to Dr. Suzuki, Mark Epstein, lvan Sheu and
Jlanwu Xu

e The National Science Foundation

e The folks in charge of the MedIX REU,
including Daniela Raicu and Jacob Furst

* Emily's mom, for pretending to be excited when
her email inbox was clogged with endless
pictures of diseased colons



anks to...

ho didn't find any flat
mmer
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