Computed Radiography: Evaluation of Its Role in
the Mass Survey for Lung Cancer: Phantom Study
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Fig.1. FCR left and right images of the chest (44-year-old healthy volunteer).
A. FCR left image. B. FCR right image.

magnetic resonance imaging ; ROC, receiver operating characteristic ; US, ultrasono-

graphy.
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Fig.2. Humanoid chest phantom with simulated
pulmonary vascular vessels on its anterior
surface.
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Fig. 3.Conventional radiograph of the chest
phantom with a simulated nodule (arrow).
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Fig.4. Schematic illustration of the simulated
nodule.
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M (G:1.0E#1.6—0.2, G: BIHLEBEMtL T T
5, 1.0: BHONET vy BERT, E: EXEHEORE
HH, 1.6 BEHEOEERLEE, —0.2: BREOBE
7 ) b, (R R SRR SRR T A S A
B (R: 0RO0.5, R: ZeffE WA Lee £ 71 4 I8 5
0 #RIAERO T » 7T, MENKREVEY SR
B A RT, R: @O FE, 0.5: A0S T
0.0~16 FTORBELEET ) L2l THs, —
H, AEGRCHEL T, BHREOSE y £ 0.9 &0
Lnizl, moﬁrmmmﬁﬁM%ETéAWﬁ”%

NERO, 7 A ) ) TR 724K, BT 25. ML Tk D, EHFEEEOIE EliR L ECS > 27 %,
mR N, 2 SO EII&A 21313 1/3, 1/ PR E DGV ICEm#FAL TvwE (G 0.9AY
Table I Technical factors of conventional radiography, photofluorography, and FCR.
Conventional Photofl | FCR
radiography otofluorography

Exposure :

System & x-ray tube Hitachi, DWS-1515GS,  Shimadzu, SM150L, Shimadzu, HD150B-30,

UHG-6G-01T CIRCLEX 1PG10D R-20

X-ray voltage 120 kVp 120 kVp 120 kVp

X-ray current 100 mA (1.0 #F condenser) 100 mA

Exposure time phototimer phototimer 0.05 sec

FFD, FID 2m l'm 2m

Grid 10:1 10:1 8:1

Screen Toshiba, EM (Fluorescent screen) (Imaging plate)

Film Kodak, XS-1 Fuji, MI-FX Fuji, CR film type 633
Processing :

System Fuji, RU-T Fuji, FPM-1000 Fuji, FPM-4000

Temperature 33.5C 30.0C 34.2C

Time 90 sec 210 sec 90 sec
Image Processing : Left Image

— —_— G:1.0E4#1.6-02 R:0R05
Right Image
G:08A%#16-0.2 R:0R3.0

Note : FFD, focus-film distance ; FID, focus-imaging plate distance.
Table 2. Parameters for FCR lower exposure images, and mesured radiation exposure

doses

Series number Tube voltage

Tube current

Exposure time Exposure dose

(kVp) (mA) (sec) at 2m(mR)
1 120 100 0.05 25.30 (1/1)
2 120 100 0.013 9.35(1/3)
3 120 100 0.003 431 (1/6)
4 120 30 0.003 2.39(1/10)
Note : Relative ratios in parentheses.
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SR IHBEINZ Y, 74V ACBEEAEDY
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TE& L7,

BHEERILY) XD 2ETORELE
5, YIERELE 2ADOFBLOMBIZ1~2 7R
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VII. ROC fi##f

FEBBROBRIZ ROCHEIT AW TFHEi L7, &
iR ERKT 2,77 A—F 1213 ROC area
(area under ROC curve?®~?, Az &BE) 270,
D5 E 121X Dorfman & Alf DBF L - R LT
(maximum-likelihood estimation) 2 &5 ¢ o v
a—¥F—7u 2 o 4% (FORTRAN 2 & BASIC
CEHRL TR RFIALL.

HERY, FERE, FCR £B&HS L VEE/RO 4
EHEEOFEHEMRHEE IR T 2HRANEREERE R,
Swetz 5 DFEDHE > TiTol. Tiabb, £ Y —
AT 53 ANDHEFED Az DFEL2EHL, -
NOOTFHEBOBEC OV TELEERERTE (R
E) 2175, &8, TITHEATIEEREOENE
EMETH B 700, FEMRSTERAICEED, DT
FERLLHEROA 25T,

_Az,—Az

Z= S.E.in

S.E.(dimz 2+[S?:+wr( 1—rc-wr ) +
Seave (o) =i
75, FCR BB OB T 555
HEBERER, —EOAORBEREEAT 2729,

2.0r 10
FCR right image
FCR right image o FCR left image
> «
H1.00 £ 1
a %
g FCR left image o
Q o
0 A 1 "
~1 0 0.01 0.1 1

Exposure (log E)

Spatial frequency (cycle/mm)

Fig.5. Image processing of FCR left and right images.
A .Characteristic curves of FCR left and right images. The left image has a
sigmoid shaped curve similar to the conventional film-screen radiographs, while the
right image has that of an almost linear fashion. Therefore, the right image has
more wide latitude than the left at the expense of some contrast.
B. Response curves of FCR left and right images. In both images, the low spatial
frequency ranges are slightly enhanced (stronger in the right image).
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D3 ANOFEHEMED Az BOFH %, SEBEORELSE
RHEELEZ B &, EERE0.774, BHEHE 0.789,
FCR ZEi{§ 0.963, FCR A 0.952 L 72 », FCR &
EGROBEEREEENF LEN, KT FCR AEE,
Mg, EEREOIEL % 27,
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HETREEERTIC L % &, FCR OEEHRS L UE
EROE 2 1k, EEREE:IEEREOLFALD
MIc b HEZ (p<0.01) 2BL TWwi-,

. W%, Z0#%5s & UCHEBET OSB3

RHE O L

WER 2 7 OEESMICIG U T, MEF, L0ER,
HRRRIET O 3 SATicMEL 72,

BERIC L > TREBORESER R, £
IR RIS B2 hE»ERNT 220, £
S~ OREIRRHREEML, R4 ORLE, 2
B, REEOHEHICY > Tz, EHEET 4 L AID
b, ATFTU—4) £1135) LHEShELO%
BB L R8Tz, R 3 ADTRER O RBRIE
Ths,

FEFO RS BIL Tit, FCR EER TR R
bE< 85.6%, W FCRABERD 84.3%, EHEE
WO 67.3%, MEHEEED 66.0%DETH -7z,

ELBEOEHIFICE L T, FCR AEG TRHE
DB LE L 88.9%, k\WT FCR EEHRO 72.2%, &
BRE, WEREOL LI 6LIYDIETH -7,

Table 3. Values of Az and Si.. derived from the nodule detection test (Three
readers read twice each of the case samples from the four modalities).
) Reading Occasions
Modality Reader st 2 nd Mean Az
Az [ Az St

Conventional 1 0.786 0.0018 0.881 0.0010 0.834
Radiography 2 0.722 0.0023 0.762 0.0020 0.742
3 0.813 0.0019 0.911 0.0008 0.862
Mean 0.774 0.0020 0.851 0.0013 0.813
Photo- 1 0.779 0.0023 0.762 0.0035 0.771
fluorography 2 0.820 0.0018 0.814 0.0026 0.817
3 0.769 0.0024 0.838 0.0022 0.804
Mean 0.789 0.0022 0.805 0.0028 0.797
FCR 1 0.966 0.0003 0.953 0.0011 0.960
Left Image 2 0.977 0.0002 0.976 0.0003 0.977
3 0.959* 0.0006 0.985 0.0001 0.972
Mean 0.963 0.0003 0.971 0.0005 0.968
FCR 1 0.950* 0.0007 0.970 0.0004 0.960
Right Image 2 0.972 0.0003 0.975 0.0003 0.974
3 0.935% 0.0009 0.964* 0.0007 0.950
Mean 0.952 0.0006 0.970 0.0005 0.961

The values of Az and Si,., were estimated by Dorfman & Alf's computer program.
* Values obtained from corrected original data. In these reading occasions the reader

did not use any categories 4)

and 5)

for the negative films¥ and therefore

convergence could not be obtained by this computer program. To solve this problem,
the author pooled these two categories into one (i. e. 5 categories were collapsed into

4 and recomputation was done.

$# Negative films are those with no nodules.
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Fig.6. Mean ROC curves derived from the nodule
detection test.
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Table 4. Nodule detection rates* in lung fields, retrocardiac, and subdiaphragmatic regions.
(Pooled data of 3 readers)
Conventional Photofluorograph FCR FCR
Radiography orography Left Image Right Image
Lung Fields 67.3%(103/153) 66.0%(101/153) 85.6%(131/153) 84.3%(129/153)

Retrocardiac Region 61.1%( 11/ 18)
Subdiaphragmatic Region 38.9%( 7/ 18)

61.1%( 11/ 18)
0 %( 0/ 18)

72.2%( 13/ 18)
72.2%( 13/ 18)

88.9%( 16/ 18)
100 %( 18/ 18)

Mean 64.0%(121/189)

59.3%(112/189)

83.1%(157/189) 86.295(163/189)

*Positive films (each of them has only one nodule) rated into the category 4) or 5)

were regarded as positive.
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END X RERBLBETH DA% 6T, BEMN
KISUTHEY CEGMAE ML - BigE, HETY,
WRTY, REUHEITEZ EMTAEETH 2,
D&, FCR ISR, 7 1 L A—HEHR X R
BEOBENI: XIRIERETFY 27 2 £ LTOML 8

PLDDOH B,
BROBICBRI2 FCROERECHET 2HELE
IZEO MRS SN, BWE 523, MEERTO FCR 0

i

BEOHEZ 1072~10° mR LD TEV02),
iz, 74VA—HBERTE, —BEEHENHEL
2, COXMEE»S Lo X EEHEO ST

A4
®
Conventional Photo-~ °
radiography fluorography
(29 nodules) (30 nodules) Conventional Photo-
radiography fluorography
(22 nodules) (24 nodules)

3

FCR right imace

FCR right image
(49 nodules)

FCR left image
{43 nodules)

FCR left image

( 9 nodules) ( 8 nodules)

Fig. 7. Distributions of nodules which are easy or difficult to detect.
A. Nodules easy to detect. These nodules were rated into the category 4) or 5) by
all 3 readers.
B. Nedules difficult to detect. These nodules were rated into the category 1), 2), or
3) by more than 2 readers.

Table 5. Detection error rates of nodules with or without structured noise*
(Pooled data of 3 readers).

Without structured noise =~ With structured noise

Conventional Radiography 4.8%(1/21) 37.1%( 49/132)
Photofluorography 0%(0/21) 16.7%( 22/132)
FCR Left Image 0%(0/21) 18.2%( 24/132)
FCR Right Image 14.3%(3/21) 37.19%( 49/132)

Mean 4.8%(4/84) 27.3%6(144/528)

*Structured noise : Normal lung structures such as ribs or pulmonary vascular
vessels superimposed on the lung nodules.
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Table 8. Values of Az and Si.. derived
from the nodule detection test using FCR
lower exposure images

Series Az S
The standard dose 0.978* 0.0004
1/3 dose 0.965 0.0005
1/6 dose 0.921* 0.0013
1/10 dose 0.851* 0.0022

*Values obtained from corrected original data
(See also the footnote of Table 3).
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|

0.6 Oo—0 The standard dose
——a 1/3 dose

O——f 1/6 dose

.4
X=X 1/10 dose

True positive
o

‘ Az st +wr
0.2| the standard0.978 0.0004
1/3 0.965  0.0005 |y
1/6 0.921 0.0013 :}x
1/10 0.851 0.0022
0 0.2 0.4 0.6 0.8 1.0

False positive
% P<0.05
Fig.8. ROC curves derived from the nodule
detection test using FCR lower exposure
images.
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(A) (B)

() (D)

Fig.9. FCR lower exposure images. All images are the same phantom with only
one nodule in its left upper lung filed (arrows).
A. The standard dose B. 1/3 dose C.1/6dose D. 1/10 dose
Note that the more decreases the exposure dose, the more increases the quantum
noise, therefore, the nodule detection becomes more and more difficult.
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Abstract

The role of computed radiography in the mass survey for lung cancer was evaluated by the
nodule detection test using a humanoid chest phantom. First, the nodule detectabilities of
conventional (film-screen) radiography, photofluorography, and computed radiography (FCR,
Fuji Medical Systems, Kanagawa, Japan) were compared by means of receiver operating
characteristic (ROC)analysis. FCR left and right images were assumed to be different modalities
and were evaluated separately. The values of Az (area under ROC curve) for these 4 modalities
were as follows ; 0.774, 0.789, 0.963, 0.952, respectively. This strongly suggests that FCR left
and right images are superior to the other two modalities in the nodule detection. However, this
tentative conclusion is probably incorrect because the exposure technique at 120 kVp has not
always been optimal for our chest phantom, and because FCR has a wider latitude than the other
two modalities. Therefore, it is more accurate to say that the degradation of image quality can
be avoided only in FCR in spite of an improper exposure technique employed. Second, each of
the nodule detection rates in three anatomical regions (i. e. lung fields, retrocardiac region, and
subdiaphragmatic region) among the 4 modalities were compared. The higher detection rates
were obtained in lung fields on FCR left image, and in both retrocardiac and subdiaphragmatic
regions on FCR right image. Hence, one may be able to screen lung nodules more and more
precisely, if one reads FCR left and right images at the same time. Third, the nodule detection
rates with or without structured noise (normal structures such as ribs or pulmonary vessels
superimposed on the nodules) were compared. In FCR the detection rates of nodules even with
structured noise did not decrease as much as in the other two modalities. Finally, to estimate the
lower limit of exposure reduction by FCR, the nodule detectabilities were compared in the 4
images prepared by the standard, 1/3, 1/6, and 1/10 radiation exposures. The values of Az were
as follows ; 0.978, 0.965, 0.921, and 0:851, respectively. The statistical significance test showed
that the difference of Az between the images obtained by the standard and 1/3 radiation doses was
never significant. Therefore, it seems that the radiation dose can be reduced to the 1/3 level of
the standard dose without affecting the nodule detectability. These results indicate that the
application of FCR to the mass survey for lung cancer is extremely useful both in the screening
of nodular lung lesions and in the reduction of radiation doses.




