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I. Introduction

Today, most cancer patients do not succumb to the prmary timor detected, butrather to metastases in organs such as
the lung and Lver. Therefore, it would be beneficial to prescreen patients who are at high risk for metastatic tumors
nang full body CT scans. This would facilitate esrly detection and shlation of tomors while they ave stll small snd
enhance the probability for survivel. Lung CT scans with 3mm slices slone result in over 100 slices per patent!
Analyaing many of these patient data sets conanmes the radiologists? ime and increases human eror? To remedy
these problemns, our lab has crested a 3D template-matching sl gorithim with high sensitivity snd low fol se podtives to
antomatically detect lung nodules. Ideally there would be a set of patient CT scans both before and sfter the
development of lung metastases 1 provide a gold standard against which the algorithm could be tested. However,
auch a databaseis currently lacking, Therefore, our goal isto create a reslistic mmor datebase for testing purposes by
inserting srtificial tunors into resl CT image data sets. With this datebase, we can assess the limitstions of our
algorithrn and find waysto tmprove upon itin the fumre.

hethods of Analysis
- Bendtivity and the Podtive Predictive Value sre vsed to assess the algorithm and are defined asfollows
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- The same ling images and four sets of spherical tamplates were used for dll testing, so the sam e number of
false posiives should appear for a given noiselevel Therefore, the false posidves were only calculated once
for each noise level.

II1. Results

II. Methods

Creation of Simulated Tumors

Birulated tumors were created with varying sizes, eccentricities, sngles of

motation, and centrel difts, and inserted into images with warying noise levels o
roirnic the varations observed in tmors trested st our clinic,

- Ellipsoidal tumor eccentricity (major axis minor axs) ranged from 1.00 0 2.00 n
increments of 0.25

- Minor axds dimension ranged from 2,25 mom to 6.75 mum in increments of 0.50 mm
- Angle of themnsjor axds of the ellipsoid wasrotated between 0 and 90 degreesin
increm ents of 45 degrees shoutthe ¥-and z-axes

- A 3D Ganssian filter, with kernel size of [55 5] mm? and standard deviaton of 2.0
o weas applied to each anificial tomor o smeoth out the tumor edges

Insertion of Simulated Tum ors

- Arsndom index generator wasused to select posiionsfor simulated tum ors within the
Iung volume

- To prevent an excesdvely b ght o oz, the mecdmom intensity between the mmor

ten plate and lung image wasused rather than summing the two

- Four separate lung images were produced uang added noise with standard deviations of
0,10, 26, and 52 HU [respectively representing the (), average, masdrurn, and 2%m ax
noiselevels we meagred on vaions OT scand]

- The overall performance of the 3D templatemarching slgorithm vields high sensitivity snd arel stively Low
wnmber of false poguves without postprocessing, as seen in Figore 1.
- Bpher cal ternplares with radii of 2 mun and 3 oo contrbute the majorty of false positves for sll noise lewel s

as seen In Fignre 2.
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- High sensitivity remsing even with verying noise levels snd trmor shifts, a5 well aswith changing
eccentricity, asshown in Table1.

Table 1
Eccentricity Ramge of MinorAxis | Runge of MajorAxis | Sensitivity
1.00 2,25 mun ¥ 6,75 mm 2,25 mwn ¥ 6.75 mm 100.0 %
1.25 2,25 o 7 35,25 mm 2,81 mwn ¥ 6.56 mm RIB
1.50 2,25 o ¥ 4,25 mm 3.38 mwn ¥ 6.38 mm 9$B3%
1.5 2,25 wun 7 3,75 mam 3.94 mwn ¥ 6.56 mim 8.7 %
2,00 2.25 o ¥ 3.25 mm 4.50 ron ¥ 6.50 v 100.0 %

Detection Algorithm

The following depicts processes in the detection algorithm: A original lung im age; B mask nsed to extractlung
volume; C. lung region cropped by themasy; Dt corresponding correladon coefficient slice with red spots
indicating walues above the threshold.
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- Fur a specified rading, the algorithm manches three pherical templates to obj ects within the lung image. The
ternplates correspond to wn or shifts from the center by 0, 143, and 4/3 of the dice tickness

- A3D normalized cross-correlation coefficient, which messures the degree of similarity betwesn the template
and the given object, is defined by the following forraula:

- fxthreshold of 0.73 was applied to three teriplates with rafli of 3 mum, 3 mim, and 3 mom and a threshald of 0.75
was applied to the first two ternplares of rading 2 o, The third template for rading of 2 wun was not employed.

IV. Conclusions

The creation of a database with dmulated tomors has s cessfully assisted testing of the 3D ternplate-m anching
algorithm to further itsrefinement Bpecific findings were:

- Warlstionsin noiselevels under norroal conditions do not sffect the slgorithm's shility to detect tumors ranging
fromn 5 rmren 00 15 mom in diameter.

- Itismnnecessary to switch to ellipaoidal templares from the current spherical templates.

Following are suggestions for future o gorithin snalyds

- False positives detected by smaller tenplates consisted largely of whular sroctres such asblood vessels Itis
mggested that inplane padding beincreased for smaller termplates to distinguish spherical and ellipsoidal objects
from nrbular objects.

- A greater i ber of sngle combinations as well asa broader range of ads dimensions for elipsoids is

e ended foe fiimre o gorithn testing with thistype of darshase
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