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Virtual nodule based on 3D spatial resolution in lung CT and its application to
performance evaluation of computer-aided detection (CAD) system
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We proposed an application of virtual nodules to evaluate the performance of
computer-aided detection (CAD) of lung cancer CT screening. When a CAD system is introduced in an
institution providing CT screening, its performance should be evaluated by image data obtained under
the same scan and image reconstruction conditions as those used at that site, because CAD
performance is affected by CT scanning and image reconstruction conditions. The virtual nodules were
generated based on the spatial resolution of a CT system used in an institution providing cancer
screening and were fused into lung images obtained at that institution, allowing site specificity.
The detection limits of a CAD system were determined in terms of the size and density of lung
nodules. This methodology for guiding the detection limit might be a useful evaluation strategy.
Virtual nodules can be an effective means of evaluating site-specific CAD performance.
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Artificial nodule

TP FN Total
TP 18 2 20
FN 0 28 28
Total 18 30 48

Virtual nodule

CT
Virtual Nodule

Virtual Nodule

Fig. 4

arrows
Virtual Nodule arrowheads

Virtual Nodule
Virtual Nodule



Virtual Nodule

Virtual Nodule CAD
Fig. 5 Fig.5a  5b
5 mm
ACT 200 HU
Fig. 5a 2
80%
ACT 300 HU Fig. 5b 5
Virtual Nodule
Fig. 5c
ACT
CAD

(C) o O: detectable @:undeteclable
S T i
|_ H
G 400 4 :
& 500 ¢
8 200
2 ;
21008 0w . ’y
3
< o o .
4 5 6 7 8
Nodule diameter (mm)
Fig. 5 CAD a
Smm ACT 200HU b 5 mm
ACT 300 HU ¢ ACT
[}
Fig. 5 10
Fig. 6
ACT
ACT
CAD
CAD
Virtual Nodule
Fig. 6 CAD

5 mm

ACT 220 HU CAD
8§ mm
ACT 130 HU
4 mm

ACT 590 HU

CAD
CAD
__ 700
=)
I 600 ¢
5 500 1\
4
@ 400
[u}
£ 300 ole
3]
o
o 200 [
= o ¢
= Undele.ctable
0 H
4 5 6 7 8
Nodule diameter (mm)
Fig. 6 ACT CAD
CAD
CAD CT
CAD
Virtual Nodule
CT
Virtual Nodule
CT
CAD
Virtual Nodule
CAD

3

Kobayashi H, Ohkubo M, Narita A,
Marasinghe JC, Murao K, Matsumoto T,
Sone S, Wada S, A method for evaluat-
ing the performance of computeraided



detection of pulmonary nodules in lung
cancer CT screening: detection limit for
nodule size and density, Br J Radiol,

, Vol.90, Issuel070, 2017,
DOI: 10.1259/bjr.20160313
Ohkubo M, Narita A, Wada S, Murao K,
Matsumoto T, Image filtering to make
computer-aided detection robust to
image reconstruction kernel choice in
lung cancer CT screening, Med Phys,

, Vol.43, No.7, 2016, pp.4098-4105,
DOI: 10.1118/1.4953247
Marasinghe JC, Ohkubo M, Kobayashi
H, Murao K, Matsumoto T, Sone S,
Wada S, Feasible method to assess the
performance of a lung cancer CT
screening CAD system in clinical
practice: dependence on nodule size and
density, International Journal of
Medical Physics, Clinical Engineering
and Radiation Oncology, , Vol.3,
2014, pp. 107-116,
DOI: 10.4236/ijmpcero.2014.32016

21

3D-PSF CT-CAD

CAD
24 CT 2017.02.03-04
Narita A, Ohkubo M, Wada S,
Generating nodule-like object functions
for evaluating CAD performance in lung
cancer CT screening, 111
, 2016.04.14-17,

Sugawara H, Narita A, Ohkubo M,
Wada S, Accurate volume measurement
for lung nodule in CT image by
deconvolution method, 111

, 2016.04.14-17,

Narita A, Ohkubo M, Wada S,
Generating nodule-like object functions
for CAD performance evaluation in lung
cancer screening: feasibility study, 2016

AAPM Spring Clinical Meeting, 2016.03.

05-06, Salt Lake (USA)

3D-PSF
CT-CAD
23 CT

2016.02.12-13

__ Feasibility study for application of
nodule-like object function to accurate
volume rneasurement of nodule in lung
cancer CT screening 27 5
2016.01.30

CT CAD
nodule-like obiect function
27 5
2016.01.30

Munaweera CM, Wada S, Ohkubo M,
Jayasinghe RD, Effect of reconstruction
kernel and slice thickness on perfor-
mance of CAD software used in the
screening of lung cancer, Peradeniya
University  International  Research
Sessions (iPURSE) 2015, 2015.11.05-06,
Kandy (Sri Lanka)

Nuwan DMI, Wada S, Ohkubo WM,
Yoshida A, Kobayashi H, Influence of
nodule offset in CAD performance
evaluation of lung cancer CT screening:
A virtual nodule study, Peradeniya
University  International  Research
Sessions (iPURSE) 2015, 2015.11.05-06,
Kandy (Sri Lanka)

CT

5
2015.10.31-11.01

CT

43
2015.10.08-10

Ehalagasthanna NT, Marasinghe JC,
Kobayashi H, Ohkubo M, Wada S,
Validation of virtual nodules for
evaluating the performance of computer
aided detection (CAD) system in lung
cancer CT screening, Third Conference
on Sri Lanka - Japan Collaborative Res-
earch 2015 (SLJCR-2015), 2015.09.18-
20, Kandy (Sri Lanka)

CT




1 Marasinghe JC, Nuwan DMJ, Murao K,

2015.08.22 Matsumoto T, Sone S, Wada S, Influence
of nodule offset in CAD performance
evaluation of lung cancer CT screening,

107 ;
CT 2014.04.10-13,
1
2015.08.22
0

Shigeta S, Sasamoto R, Utsunomiya S,
Ohkubo M, Tanabe S, Aoyama H, Wada
S, Influence of spatial resolution of 2 8

computed tomography on radiation
treatment planning: a feasibility study
with pulmonary nodule image simu-

lation, 109 http://www.clg.niigata-u.ac.jp/kenkyuka/kenkyu-
, 2015.04.16-19, shokai/#2

Marasinghe JC, Ohkubo M, Kobayashi
H, Yoshida A, Murao K, Matsumoto T, (Y

Sone S, Wada S, Quality assurance of OHKUBO, Masaki
lung cancer CT screening CAD system
by applying PSF-based reference virtual
nodule set, European Congress of
Radiology 2015, 2015.03.04-08, Vienna | (2)

(Austria) WADA, Shinichi
Marasinghe
Janaka C
CT CAD QA
virtual (©)
nodule offset 22 CT MATSUMOTO, Toru
2015.02.13-14
MURAO, Kohei
)
CT
115
2014.12.20
Marasinghe JC
Virtual
nodule CT CAD-QA

nodule offset
2014.10.25-26

Marasinghe JC, Ohkubo M, Wada S,
Kobayashi H, Yoshida A, Murao K,
Matsumoto T, Sone S, Validation of
using PSF-based virtual nodules to
assess the basic performances of lung
cancer CT screening CAD system, CARS
2014, 2014.06.25-28, Fukuoka Conben-
tion Center )

@ Yoshida A, Ohkubo M, Kobayashi H,




