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Relationship between image quality and diagnostic accuracy
in X-ray diagnosis of gastric cancer
—ROC Analysis on X-ray Diagnosis of the Stomach by Means of

100 mm Mirror Camera—
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X-ray photofluorography is widely employed for stomach cancer screening in Japan. In view of
medical exposure due to gastrointestinal X-ray examination, we considered to conduct an experiment
in finding the relationship between diagnostic accuracy and image quality for photofluorographic
films used in stomach cancer screening. This experiment is to investigate the possibility in performing
stomach cancer diagnosis at a reduced X-ray exposure.

First of all, 150 cases with confirmed diagnosis were selected from an X-ray image data base for

stomach cancer screening program of the Center for Adult Diseases, Osaka. The cases include 24
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cancers, 57 benign diseases and 69 normals and each case consists of 5 or 6 films exposed from various
directions. The original films were copied by inserting transparent sheets of several thicknesses
producing four kinds of copied films with different image qualities, The copied films were randomly
arranged and read by six radiologists in the Center for Adult Diseases, Osaka. The resulting
diagnosis on stomach cancer is analyzed by ROC curves as a function of image quality.

It is found that the average diagnostic accuracy of six radiologists is not affected by image quality
up to a certain MTF value, but it is deteriorated with the films of the worst MTF. Diagnostic
accuracy for benign diseases also shows the similar results,

We conclude that the possibity to reduce the X-ray exposure in stomach cancer diagnosis is

demonstrated without sacrificing the diagnostic accuracy. Further work is necessary for simulating

the image quality of X-ray films more closely to the real situations.
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Table 1. Classification of stomach
diseases in 150 cases

early cancer 7
advanced cancer 17
total Ca. 24
polyp 15
ulcer 19
ulcer scar 8
gastritis 15
normal (A) 10
normal (B) 59

total 150
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Fig. 1. MTF curves of copied films obtained
from a bar phantom pattern. Numerical figures
in the bracket show the thickness of transparent
sheets inserted between original film and copied
film.

Teble 2. MTF of copied film without transpa-
rent sheet inserted (Image Quality A) and
relative. MTF of other three copied films
corresponding image quality of B, C and D
(see Fig. 1)

MTF of Relation of copy films

(Lpfmm) [ MTF <

A B C D

0.50 0.729 | 1.00 | 0.87| 0.58 | 0.33
0.63 0.588 | 1.00 | 0.76 | 0.45| 0.11
0.80 0.401 | 1.00 | 0.68 | 0.28 —
1.00 0.187 | 1.00 | 0.58| 0.08 —
1.25 0.070 | 1.00 | 0.24 = o
1.60 0.012 | 1.00 = = =

ton el | 1,65 | 1.30| 1.05] 0.70
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Table 3. Number of unreadable film with image

quality. The numbers increase with degradation
of image quality.

No. of unre-
Image | Marginal No. of adable film
Qualgity Frequency | unreadable | fotal No.

(lp/mm) film of film
(%)
A 1.7 14 1.6
B 1.3 22 2.4
(o] 1.1 42 4.7
D 0.7 101 11.2
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Table 4. Pairs of average true positive rate and false positive rate for six readers as
a function of diagnostic confidence and image quality.
Diagnostic confidence means the following order of confidence for malignancy:
L. cancer, 2. cancer suspected. 3. cancer suggested, 4. benign disease suspected,

5. benign disease, 6. others.

Image quality A is the best quality and D is the worst.

\\ -

Image

Quality A B C D

Diagnostic e n ' ¥ ~ ) o

Confidence . TP FFP TP FF TP FF TP FP
e 33/144  9/756 29/144  9/756 27/144  7/756 28/144  5/756
’ 22.9% 1.2% | 201% 1.2% | 18.8% 0.9% | 19.4% 0.7%
1+ 54/144  21/756 49/144  21/756 48/144  22/756 46/144  18/756
2. cancer suspected 37.5% 2.8% | 34.0% 2.8% | 33.3% 2.9% | 31.9% 2.4%
1+24+ 81/144  81/756 79/144  63/756 79/144  74/756 66/144  62/756
3. cancer suggested 56.2%  10.7% | 54.9% 9.0% | 54.9% 9.8% | 45.8% 3.2%
1 +—2;+-3df 111/144 285/756 | 116/144 295/756 | 114/144 286/756 | 103/144 275/756
g A% 31.T% | 80.6%  39.0% | 19.1%  31.8% | 71.5%  36.5%
1+2+3+4-+ 126/144 399/756 | 126/144 402/756 | 122/144 397/756 | 111/144 375/756
5. benign disease 87.5%  52.8% | 81.5% 53.2% | 84.7% 52.5% | 71.1%  49.6%
1+2+3+4+5+ | 144/144 756/756 | 144/144 756/756 | 144/144 756/756 | 144/144 756/756
6. others 100% 100% 100% 100% 100% 100% 100% 100%
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Fig. 2. Average ROC curves of six readers for
K-ray diagnosis of gastric cancer comparing di-
flerent image quality., Numerical figures are
shown in Table 4. (a) comparison between ima-
ge quality A and B, (b) Aand C, (¢) AandD.
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Table 5. Comparison between X-ray diagnosis
and confirmed diagnosis for polyp with films
of image quality (A).

X-ray diagnosis
Other than
Ployp polyp | Total_

g | Polyp 54 26 90
E‘g Other than s

‘ ) .
r.g. ‘% polyp 14 652 666
©RA| Total 8 678 756

T.P.=5 —71.19 pP.=_14 _ 919
90 (] 666 1%
Table 6. Comparison between X-ray diagnosis
and confirmed diagnosis for polyp with films
of image quality (D)

Keray diagnosis
Other than
- - Polyp polyp Total
o | Polyp 59 31 90
g.g Other than ) N
c.g .% polyp 20 646 666
©R| Total 79 677 756

. 59 ) 20
LR = — 2 FP.=—t" = o,

KRB L, 20/663=3.0%,7c%. EHEDIZAK
LT, E2RIAEL L2LHLTHN, oh
X [FelgRsE] oXiE7iine X%,

tokd LT, BV —F, EE, WHEEZTA
B, B o4EBOWT, HKRELZR (TP)
LIEFREZ R (FP) dkdicffiis Table 7 @
R, CoBE, [Pl XY -7o8s
LR S OB Iz b TRHER
BubhTwb, TOETRABED, WFholE
BOWTL, HEDITCRYESL S, EENE
{75 LEEZRMETT5 L\ 5 — Ay E
mB bRty

4. =

IR 7 4 v A OB X » TIFRRENR LD
LB LT AR TS & Lk AR o KRR
EAEEOZ L LTED XSt Bk
WO RIE L BERBRR DS . BAXHRE LS
bEesz bt l - CEERYIL I EEYH
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Table 7. True positive rates and false positive
rates of X-ray diagnosis for polyp, ulcer, ulcer
scar and gastritis with films of different ima-
ge qualities

(a) Polyp

Image Quality

A B c D
T.P. (%) | 71.1 66.7 | 68.9 | 65.6
FP. (%) | 2.1 2.1 3.5 3.0

(b) ulcer

Image Quality

A B Cc D

T.P. (%) | 7.9 | 69.3 | 71.1 | 61.4
F.P. (%) | 4.7 4.8

5.0 6.5

(e) Ulcer scar

Image Quality

A B c D
T.P. (%) | 66.7 | 58.3 | 70.8 | 62.5
F.P. (%) | 15.1 17.2 14.4 11.3

(d) gastritis

Image Quality

A B C D

T.P. (%) | 22.2 | 22.2 | 23.3 | 24.4

FP. (%) | 4.7 4.4 2.4 3.2

WT 6 ADHEMER X 5 HRE2MEREYTV, &
DREOEEZLOHHE CIIBRIEZR (TP) &
X OYEREEZ R (FP) ik i B2 S
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