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Evaluation of the Potential Benefit of Computer-Aided Diagnosis (CAD) for Lung
Cancer Screenings Using Photofluorography : Analysis of an Observer Study
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1) Department of Radiology, Yamaguchi University School of Medicine
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To evaluate the potential benefit of computer-aided diagnosis (CAD) in lung cancer screenings
using photofluorographic films, we performed an observer test with 12 radiologists.

We used 60 photofluorographic films obtained from a lung cancer screening program in
Yamaguchi Prefecture (30 contained cancerous nodules and 30 had no nodules). In these cases,
our current automated detection scheme achieved a sensitivity of 80%, but yielded an average of
11 false-positives per image. The observer study consisted of three viewing conditions : 1) only the
original image (single reading), 2) the original image and computer output obtained from the
current CAD scheme (CAD 1), 3) the original image and computer output obtained from a
simulated improved CAD scheme with the same 80% true-positive rate, but with an average of
one false-positive per image (CAD 2).

Compared with double reading using independent interpretations, which is based on a higher
score between two single readings, CAD 2 was more sensitive in subtle cases. The specificity of
CAD was superior to that of double reading. Although CAD 1 (Az=0.805) was inferior to double
reading (Az=0.837) in terms of the ROC curve, CAD 2 (Az:=0.872) significantly improved the
ROC curve and also significantly reduced observation time (p<0.05).

If the number of false positives can be reduced, computer-aided diagnosis may play an impor-
tant role in lung cancer screening programs.
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Fig. 1(A) Schema of the computerized detection sche-
me
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Fig. 1(B) Original photofluorographic image

Fig. 1(© Difference-image

The cancerous nodule in rt-upper lung field (indicated
by arrow in original image) is enhanced in difference-
image and correctly identified by computer-reported
results (indicated by check mark in the image with
computer-reported results).
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Fig.1.(D) Image with computer-reported results
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Table 1(a). The relationship between the results of mass survey and computer output in whole database

95 abnormal cases"

True-positives

False-negatives

in mass suvery in mass survey Total
Ture-positives 45 15 60
by computer (47.4%) (15.8%) (63.1%)
False-negatives 14 21 35
by computer (14.7%) (22.1%) (36.9%)
59 36 95
Total (62.1%) (37.9%) (100%)

103 normal cases®

True-negatives

False-positives

in mass survey in mass survey Total
ol 52 103
(49.5% (50.5%) (100%

1) Mass lesions were confirmed in these films by four radiologists.
2) No mass lesions were found in these or further examined films, and following-year films by

four radiologists.

Table 1(B). The relationship between the results of mass survey and computer output in cases of this study

30 abnormal cases

True-positives False-negatives Total
in mass suvery in mass suvey :
Ture-positives 12 12 24
by computer (40%) (40%) (80%)
False-negatives 4 2 6
by computer (13%) (7%) (20%)
. 16 14 30
Total (53%) 47%) (100%)
30 normal cases
True-negatives False-positives Total
in mass survey in mass survey
18 12 30
(60%) (40%) (100%)

FIFRIZBWTIE, HEEIFF2>E2—FHE)
T ORERE 5 < FHLED D, iz, BiE
FREFELLRPTWEMICHLT, 2 2—72H
BFTOFRICL Y, REERZED LN LS
PEMBZEHNVEONDENTH S, #2T, R
FHICBWTIE, HkE)* false-negative T
23 YK a2 — 7 BENERIT O F A true-positive
THLHEVIDIEFEEZEDH S L IR EE2IT- 72, —
i, ERHERERF D22 BRI O EH:
WY false-negative Td 2 FEH] ) HoEe % {5 ¢
L7z, BEGLETIE, 2> 2— 2 AEIEITO
sensitivity #°80% & % % & iz L 72, 72, iE

WHICBWTIE, 3vEa— BB o false
positive #H' e T — F~N— Z DR L ITITHL
b L7,

Z DFIR, BEBNC X ER T3 false-negative
ThH -7z 1455, F 72 EFEIZ 12 HH T false-
positive & 7z 2 i, S5
FKBITHBIIN 2 RBNC BT, EBRTO sen-
sitivity IZ 53.3%, specificity 12 60% &%, 2
> B a— 7 BB OfRIZ, 80% 7 sensitivity
T, false-positive I%, 1[Ei{%d 72 1) F 11 8 &
%t -7z (Table 1(B),
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Fig. 2 Nodule detection tasks; (A) with only original
image (single reading), (3) with original image and image
showing current computer-reported results with an aver-
age of 11 false-positives per image (CAD 1), (C) with
original image and image showing simulated computer-
reported results with only one false-positive per image
(CAD 2). Arrows and check marks indicate true nodules
and computer-reported results, respectively.
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(CAD 1), C)false-positive @ %% 1 iz Hid 2
W 2RAERIL NV 2 > B o — & E BN DR 5
R LIzE&E A ) 2SR RIS
(CAD 2) »3fBiTH5, 2T, CAD2m2
Y Ea2— AL, true-positive D # # Z5{k &
31z, false-positive DD & % 1 \@i{%dH 72 1)
SEFELMEICZ L) IR L 2R THY, 2>
Ea— S HEEITOREDN R SN T & 2 HE
LR ATH B,

W, 3y s rRSTTT -7, 1+
varvikbBwTid, &FHWEER, kito3EEo
FAEICL Y, & 20 BT OF 60 Bl #1T
o7z, FBIZL BMERRTOMEELS LTS

72, Kty g vHIC EMU Lo BEZE B
&, BT HEOMAREEZ T3y
3 Y ETV, EHETTXTOEMZHEL 2
(Table 2).

e, WOREB LUy H R s RN
BI5E2 6K 124 T, wFNLEL6EL
LOBHBEHE T, ILOKZEIZ BT, o+
V2FNT 4N ELTHBE7 4 Va%, —F,
DA TREIIBWTIZ, 1024X1024 = k) w2
ATT LI MEL 2B % o= v —F—7) =
#—KFDR-P # HWTAYH 4 XD7 4 LAz
HALZ oz L 2,

MWEICIY, EBREGHLLT, a3 Ea—%0

Table 2 Method of observer performance study

(1) Three conditions for detection task
A : nodule detection without CAD

B : nodule detection with CAD Level 1 (11 FPs/image)

C: nodule detection with CAD Level 2 (1 FP/image)
(2) Three groups fo chest images

I : random mixture of 10 normals and 10 images with lung cancers (#101-120)
I : random mixture of 10 normals and 10 images with lung cancers (#201-220)
Il : random mixture of 10 normals and 10 images with lung cancers (# 301-320)

(3)

Three sessions for 12 observers

Observer 1 st session 2 nd session 3 rd session
1. 7 A/1,B/1I, C/lI A/IL, B/1I, C/ 1 A/, B/1,C/1
2. 8 B/1,C/11, A/l B/II, C/IN, A/ I B/l C/ 1, A/TI
3. 9 C/1,A/II, B/ C/11, A/, B/ 1 C/m, A/1,B/11
4. 10 A/1,C/1I, B/ A/II, G/, B/ 1 A/, C/1, B/l
5. 11 C/1,B/II, A/l C/11, B/II, A/ 1 C/I, B/ 1, A/l
6. 12 B/1,A/II, C/lI B/11, A/, C/ 1 B/, A/1,C/1

Table 3 Instructions to observers
(1) The purpose of this experiment
(2) Three conditions are included :
(without CAD output, with CAD at Level 1 and at Level 2)

(3) Use "original” chest image as basis for primary decision making, and another chest image with CAD makers as

a “second opinion”,
(4) Cancerous lung nodules are included in 50% of 60 chest images used.
(5) TP detection rate by computer is approximately 80%.
(6) Use confidence rating scale of 0-100, and try to use it uniformly.

0: definitely absent
49: possibly absent

50: possibly present

100 : definitely present
(7) No time limit for observation

(60)

HAEE s 55 53 %
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DLEZN EFELIZLDZ0LLEETE L9198
L7z (Table3). 2 AFiAD0#REIE, 2 AOFH
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iz DEFIZOWTTIIE L, ET7LNLTED
IEERR2IC X D sensitivity & specificity # S5 L
72, HEEMEI, two tailed paired t-test 12T
1w, p<0.05 2HEZEH ) & L7

s R
Fig. 3@Wiz, 2 AO#BEICL S 1 ARAT

1.0
2 7
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© 7 7 % ? Pl 7 %
> 7z 78 117 7 e .
=] /<>z V / /; 7& o Y /g L
3 7 7= WA W12 .l iz 7
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) g0 W W W7 70 Wzt W78 W22 W20 W2 W7
5 o URORORT izl %2 Wk 2 W2 W )
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observer 1 2 3 4 5 6 7 8 9 10 11 12
sensitivity 1 specificity m Az
@)
1.0 T T T I

=
=]

o
o

=
B

(Photofluorography)

True-Positive Fraction

—= Group Il

(Digital film)
0.0 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

False-Positive Fraction
®)

Fig. 3(A) Sensitivity, specificity and Az, which repre-
sents the area under ROC curve when it is plotted in the
unit square, of each observer. () ROC curves show the
average performance of 6 radiologists in two different
original films. Line of small dashes: performance in
fluorographic films, solid line : performance in digital
films
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@ sensitivity, specificity 3 X Uf receiver oper-
ating characteristic (ROC) i o i T o
fif Az #, F72, Fig. 3@Ic &Mk s 1 AF:
HDFERDF#) > ROC Hi#f 2 7§, il i% o
ROC Bi# I ZITEETH - 72,

(1) sensitivity I22WT

Fig. 4 Wiz £#liz 81T 5 sensitivity %75 L,

Fig. 4 BIZ 8 & LIFIAT » 2B EBR O R
PHIRMEOBL VW EFZ LN B, I5EMICOW
T DA sensitivity /7T, RO v & #

CAD ot i~ bt o Wl g

Z6N5 156%E, HARLOMEX BLkrs ) —
N DREFI &S T, 2 N0 RHE Hoig
BEEZOT 5 L, WEES P, K6 B, MEEE 4 )
T#H -7z, false-negative & 7 - 7= EFHIZ,
W 6Fl, IEEMEEOELD 4B, B
3B, BRIBMEARSZ & HIlr - 24 & HeE S i,

12 AT, CAD 1 (69.2%) 12 1 A%
% (68.9%) LIS TdHh 7255, CAD 2 (77.5
%) 1%, 1 A#HA LD LHEFE LM ED AR SN,
iz, BEOBL e F 2 5h 2455 (CAD

—= 45.6 =

Single
Double 62.4 —} i
o 7 Y - ] i
CAD1 41877
CAD 2 i _ _ II
CAsﬂlz 72.8 I
I | 1 1 | 1 1 1 | 1 1
0 20 40 60 80 100%
Sensitivity W
T T T [ T T | T T T | T T T T T T
Single =:e68.9 .
Double 80.2
CAD1 /692
CAD 2 L
Esti.
CAD 2 =
L | | PR I
0 20 40 60 80 100%
Sensitivity ®

Fig. 4 Average sensitivity of 12 observers in all detection tasks, (A) in all 30 cancerous cases and (B) in 15 subtle cases.
The sensitivity of CAD 2 was signigicantly greater than that of single reading in subtle cases. The estimated
sensitivity of CAD 2, which was indicated as a higher score between single reading and CAD 2, was also greater than
that of double reading, but not statistically significant in all cases, and statistically significant in subtle 15 cases.
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T2.8% THBEENHY, 2ANGATLIEH T,
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1 NOFBHEN R T E R H - 72,

1 AStA D & X2 sensitivity DEIH 5 72 6 A
(&Bliz B\ TFEH 77.2%) A T estimated
sensitivity &, ZH#. 5 6 A 2 A4 sensitiv-
ity 2L W EHF2 b 15 R BT

(84.2%)

i L 72, CAD 2 (75.5%) T, 2 ANk &
(72.4%) SV AFEBERIB/BOLN L, 72 (p=

0.051) & O sensitivity 13 L 72, 1 AFEA
7 L & D sensitivity D - 726 A A (&6
B W TFEH60.6%) TORBEOKRE T,
CAD 2 (70.1%) Tix 2 A# 24 (53.8%) &1
Ao sensitivity O _LAsa s iz,

TR, Lo b LT - it LR
I2BW T4 false-negative £ % 22 DL 7o
215 HITHE, 12 ADFEENCBEWTCAD 2 & 2
AN ADFEFIZIL, T EBDLN LD -
7z (95.6%).

(2) specificity I22WT
Fig. 5 (2 specificity @ #& & # /& ¥, CAD 2
(83.3%) 111 AFeA (76.4%) L0 ymlEL,

Single

Double

T

CAD 1

»AD 2

20

40

80

60 100%

Specificity
Fig. 5 Average specificity of 12 observers in four detection tasks.
Specificities of both CAD 1 and CAD 2 were significantly greater than that

of double reading.
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CAD 1 (74.7%) 2B Ty 1 AfAITiE W
specificity TH 1), ¥HL 5D CAD Y 2 A4
(63.4%) Iz le~AF & |z specificity D[] _F A4 &
Nz, 1 AiAD & & specificity D RIFTH
2726 ADA (F#86.7%) 12 & % 2 ANihiak &
CAD 1 : iz BWT 3, CAD 1 (82.8%)

7 specificity I3 2 AgE A (79.1%) £ 0 H#Eic

CAD DlifiE ik~ s o wfhetE

BIFTH -7z,
(3 FEEEICHY>VWT

Fig. 61c 1 AftADFwmi (1 BEH# 20
M) % 100% & L 72854 D BRI 2R
3. CAD (CAD 1:23#% 115%, CAD 2:21
B 105%) X2 ABA (0%, 200%) iz K-~
BRI BRI AE L 7z,

T T T T ] T T T
Single = 100
Double 200

7
CAD 1 /115

7

cap2 [los|

0

1

00 200%

Relative Observation Time
Fig. 6 Relative observation time in four detection tasks (the observation time of single reading=100%) . Both CADs
reduced observation time compared with double reading and the reduction was statistically significant.

1.0

o
oo

True-Positive Fraction

—*— CAD2 -
Double reading
— Single reading
0.2 -==== CAD1 a
L 1 1 [
U'%.o 0.2 0.4 0.6 0.8 1.0

False-Positive Fraction
Fig. 7 ROC curves show performance of 12 observers
in four detection tasks. In Az, CAD 1 (0.805) was
inferior, and CAD 2 (0.872) was significantly superior
to double reading (0.837).

(64)
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HIDEXMFEING,
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