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A4 HAE S7H0T.
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40-76A), B4 54.2A))7F o] Ao ZEE it
H AEYed Y A gAY REYe
80-326Y o|ujoll AIRE Ut (FL4h, 2319).
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}-4-3HH 4H] (GE Senographe
Essential; Hologic Selenia Dimensions)& AR&3to] &
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view, MLO view) 9% &9& A3t 4 d=
of Tigh TE2 H= A St oA et f
& o glo|EJ A (Breast Imaging Reporting and Data
Systems; BI-RADS)9] #io] w2t HEE 004 5714
6THAR EFSIAL, BF 09 A8 Al & HE HF=E
AREAT) o) F HE WE 3, 4,58 PO Fos

Lo o oX
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Table 1. Clinical, Imaging and Histopathologic

Characteristics of 33 Reassessed Interval Cancers'

ikl

HT

Table 2. Result of Al-CAD Application for 33 Reassessed
Interval Cancers

Characteristics Missed cancer True interval

Missed cancer True interval

(n=12) cancer (n=21) (n=12) cancer (n=21)
Age (range) 55.8+8.0 533+104 Al-CAD detection (+) 7
(40-66) (41-76) Detected only on CC-view 1
< 50years 2(16.7%) 9 (42.9%) Detected only on 3 1
> 50 years 10 (83.3%) 12 (57.1%) MLO-view
Breast composition category Detected both CC- and 3 1
a (almost entirely fatty) 0 (0.0%) 0 (0.0%) MLO-views
b (scattered fibroglandular 2 (16.7%) 3(14.3%) AI-CAD detection (-) 5 19
density) Al-CAD = Artificial intelligence-computer assisted diagnosis, CC =
¢ (heterogeneously dense) 6 (50.0%) 1(52.4%) craniocaudal, MLO = mediolateral oblique
d (extremely dense) 4(33.3%) 7 (33.3%)
Pathology o] 7tAS &, ol FHE LS AFIIA A%o] QY
IDC 6 (50.0%) 12 (57.2%) H A7} 124 (36.4%) 2 =AY sFstgom 43l
ILc 3(250%)  1(48%) 2rbscha Feke A9t 210 (63.6%)2 W4 1A
Mucinous carcinoma 2(16.7%) 1 (4.8%) ool sdaledct Ax 330 = QML A9 QR
e 1E3%) BN g mey gy g 0ol (0.0%), AAE HHRA =
Metasta5|j<, jco the breast 0 (0.0%) 1(4.8%) 28 50 (15.2%), vl 2 AL 176] (51.5%), L% 2|
Node positive 1(8.3%) 3(14.3%) Mo 110] (33.3%)2 UlERe] X ool 3
Cancer type, grade and receptor status oF Zol M 83.3% (10/12)7}, 214 729t Zo|Al 857%
Invasive Carcinoma, histologic grade H o ° A 0
High 3(27.3%) 2 (14.3%) (18/21)7F A ol dtt. HE Wz dd= I
Intermediate 6(54.5%) 9 (64.3%) 259 (75.8%), WEHUHLL 79 (21.2%), il Holet 1
Low 2(18.2%) 3(21.4%) o (3.0%) At XL A40AAY A B, 94
DCIS, nuclear grade 4 ye)shy E2 Table 10 7]&st3iT.
High 0 (0.0%) 3(50.0%) AI-CAD Z 21399 HAHAQ AL Table 29 7]
Intermediate 1 (100.0%) 2 (33.3%) %<3}9ith. AI-CAD Z 21 AA 339 & & 94
Low 0 (0.00%) 1(16.7%) (27.3%, [9/33])9] & #7402 Zgya 1 F A
Estrogen receptor status oto] 79 (58.3%, [7/12]), AA 7tA¢to] 29 (9.5%.
rosttive 783 ABEET%) /o)) (A DAtk WA el F7 eel, M2
Negative 5 (41.7%) 2(9.5%) 7} 16, 22 X HTjFo] 26]ATH (Table 3). Al-
Unknown 0 (0.0%) 1 (4.8%)

Progesterone receptor status

Positive 6 (50.0%) 15 (71.4%)

Negative 6 (50.0%) 4(19.1%)

Unknown 0(0.0%) 2(9.5%)
HER2 status

Positive 3(25.0%) 2 (9.5%)

Negative 9 (75.0%) 17 (81.0%)

Unknown 0 (0.0%) 2 (9.5%)

IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma,
DCIS = ductal carcinoma in situ, HER2 = human epidermal growth
factor receptor type

'Data is reported as mean#standard deviation for age and
number(%) for categorical variable

CAD Z 292 Ast9let WelArY] G7delx & 3670
(194])¢] BAIE st3l=d 1 F 1Wie 23, 71= A3
g, 1870 xS = v o2 BTt ¥ 36719
BEAZE ARG BAE AL 137 (36.1%, [13/36]) AT
AI-CAD7} J3& o & HAEst & 94 W 2379 3

# 37]=21cm (B9, 0.8 - 4.9 cm) T} 3, GAH)
gt AE SFH o' AFYIIA] Aol Thssithal T
S =2 1299 HHF A7|= 2.2 cm (HY, 0.3 -
4.9 cm)gith.

AI-CAD Z213o] or& 2tz B3t Alge= £ 249
=N =2 ¢to] 549 (1Y 2) A%to] E7ISd AA 7H
Aol 194 (1E 3)Act. &Yt oJatel AI-CAD
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ATHAP COLOR INDICATOR | | |

ABNORMALITY SCORE

b

a3 1. Syt ofAt= LAHFH| REIA2LE AI-CAD7t &
(@) 514l 640l BRCAT1 HO|Z Doz LU HAE 216 H 2t L =0
BEEIRIC (b) 6H2A0] AIBE M SHTSS HOIHC ohY Sixlo] SBS H%%Maﬂ Hzoz wisiol 214 71
Loz FREUCE (c) 22iLt, AI-CAD Z2I U2 sy FE0f et YIS EE 28%=2 Y22 TESIAUCH REHA & £
£ 21 ey Roez ZHEAC
7} BE SO0 2 wkdt 1909 4o 47 Fee 13 o F
o (68.4%), TFT UL 59 (26.3%), 1L o] 19
(5.3%)th. 2 249 Fe 27]= 1.8 cm (9], 0.1 2 A7 Aol w=d, 4 fEde 2 A4
-7.0 cm)E tha &2 A7|Ant. G Etat Saret Al Y F 19 Yol fge] e 3319 of oA, Al-
CAD7} & &40 2 HRet 199 oA Ad 4% CADE B F 9709 & HEsiA Ads) ¥ = AU
84.2% (16/19) 3L, A I ofe} WG &t o]F F tREQ 79 $AYSE EFE & Q=
Al fFEEGEIME & AAE B ogR Be7t AEEGAA FEEHAL, 20 T B Jdst] of
47.4% (9/19) %t Ho A4 7HAG A AZE T

AI-CAD Z2I3e % 23709 ¥ S A NHAGS AE Ede 20 A4EE £ o A
A, 1 F 7 270, AFEt 67, Hidid o] 15T | EYE A7 Ao HAEE ¢S TEth 4
(Table 3). Ast¢let HAASE 242t stte] 7 4 & $FHOE T HE o)io] glo] Hol= 143 1+4
O = e ul, & B T AL FA| (False Positive ¢, FEA} Ap2 IAE AL Hol7| = shu H[Eo] %0
Per Image, FPPI)&= 0.177] (23/132) (9], 0-47F ZAl; oA Adho] oL W &, F4F Y& ¢ Hol&=
TAE, 07 BANY. A FAE F 1090004 2371 & FY o] TS ot ol F Y2 AL &
2, 1 F 39 (30.0%)9] XYAA 77 (30.4%), 791 ol gt £ FEAY fE2ER Qg ¢4 A
(70.0%) 8] /8 THAYNA 1671 (69.6%) Tt (Table 3). s}, =AY HFF HZof o5t 34 oF Fol o3 T4



A2 9| 1 QUZX|F 7|8t HFE EXNTLS o83t MEH QUG E0MQ ZHEU Tt T &4
Table 3. Mammographic Features of 36 Al-CAD Markers among 33 Reassessed Interval Cancers
Missed cancer True interval cancer
True positive False positive True positive False positive
Detected on Detected Detected on Detected on
either CC- or on both two either CC-or  both two views
MLO-view views MLO-view
Breast composition category No. of cases
a (almost entirely fatty) 0 0 0 0 0 0
b (scattered 2 0 1 0 0 1
fibroglandular density)
¢ (heterogeneously 1 1 0 1 1 4
dense)
d (extremely dense) 1 2 2 0 0 2
Total 4 3 3 1 1
Dominant lesion feature No. of marks (No. of cancer cases)

Mass 2(2) 4(2) 0 1(1) 2(1)

Calcification 1(1) - 3 - - 3
Distortion or asymmetry 1(1) 2(1) 4 - - 11

Total 4 (4) 6 (3) 7 1(1) 2(1) 16

Table shows cancers detected by AI-CAD in which the abnormality score is greater than or equal to the predefined threshold of 0.1
Al-CAD = Artificial intelligence-computer assisted diagnosis, CC = craniocaudal, MLO = mediolateral oblique, No. = number

ABNORMALITY SCORE

a

a2 2. A-CAD7} Y2i5ix| 23
(a) BHRIX|= BTIS FAZ L
o M 25N ZEloz Alsst 3t

EXEULCE. (¢) AI-CAD 221

o
ro
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38 3. AI-CADS2} G&folstut oAb} R UASHK| Rt Ty 24 e!

(a) XK= 25tA= SHE F42 UH 50M Y2 REUEHT=. ALY 47 20 50| 2240] SUUCE. (b) 22 & AI™Y
o =23 0F ZAOIAM siE FIXI0f ofeAH2 2| |7t YAZ|RACE, (c) 670 Tof Ale ME REUEI=0ME S0l4aA
2 HO|X| gfot XM 7Aoo 2 HILE|RUCH (d) AI-CAD 203 XME At SHOZ HItsIULH, ZE|HALY = At &R
d rudoz ZICEUCt



STt (7). obAlok o dol M= AT e B go] &of 2t
A HPEE =0} (8). E A9 1Y F 83.3%
(10/12)7} A8 oA o] XY FHEo g Qg |
H QA9 ol gt #=AY vrERE Q1% o8 A5

Ao

So] ¢to] Atho]| PYEFS LSS & 4~ Qth B

Nt 3719 2] Tt ol 92 34 SUEISIIA ¥
Z1¢to) s Al AI-CADZ} 2 60%9] ¢ Zrohdla, 2
M F3 o SoIHE 50.0% (5/10)F 2ottt
AedellA 75.0% (9/12)7F EH R =T o)< AE ]
A FY 2 dtdsl= ARZ W (soft tissue lesion) Bt
9] o F& AARRIT oo AI-CADS ]88 uj 4%
Ao dxZ g AU =85 TE 4 9
ojg &3

O

oAl H1E Edte] BE QRE Fo|1
T 7tse Ao AIRHL (2).
Yo o 1\}7} zﬂﬁﬂﬂfﬂ So|x Agto] E7}

b % 20|94 Al- CAD7} -

il

7

R

3% o off
& 0o 3%

A

ohi op =
ox L poy

10 v
o i

d

tlo e >~
[
2
[¢]
N
ox,
N
_‘_4

oX
dok
_O|L
X
jui)
i
_O|L
2
3
_\,Z
=
ﬁ
)
g
rlr
X
i
ol
A

2
e,
4z
Sl
oo o

::',

~ oz
)
)
O
i
=2
>
i
>
off
ol
2
mlo
o
H
i)
ok
=)
o2
o
1o
Lot
i)

I lo lo
™ oo
o
o >
£
™
e
J(
>
L2
=

ro

ok

= roox

o i ¢
-
1o
ili<}
ko
ox.
o
)
N

do o
ol
i3
o2
g
bt
[
oiN

30,
o
)

_ﬁ
)
(o
&£

oz &2 ofo

o
>~
A
[0} _]ﬂ).l_l"
1o o 1

&, 2
fu

b

il

0,
=o{=A

olf

o
o2
o

uL ok
ox

%

o
B
v

ok

B

L2 do % 2 K
o X of K
1o
>

E29] 79 #lA o] ZHo|A] AI-CAD
7F AAsE @ﬂi‘Eg A ® Ao} 9oX
S 702 7|E},
2 A9 A S ts 2ok AR, Aol 23
F47F Atk AI-CADS] 5ol tigt Bt Zjghajo]il
H7HE SeiMe B89 $7F & T Botof &,
RS B3 gAY Q3 A0E AIEH
=4, ZHAY E o] FHET o}, o E A3
Sl BHE FH7F 23 o] At diido] o]F A<
AR, 28 B Qoo tiet 24& F Y

o2 _llN'

[P
[l
N
mjo
e
oo
i
X
nuE

L - L= [ [m] - T O =
FA g} QA7 st Bt Mol thgdt 7
& 7HA 383t QAL o ol Fojgow w4
g3 wedo] 7S Aoz Er.

AEA oz, AI-CADE ¥ {EEdedA Pst=
LHAAE Eoled A-CAD7} B0 wu, 3] d=4)
o At diA F ol ot A WA F& 3
5 B ACR AZtEnh 5 9o gAY &
ok ekol o] Q14 Bl sjXo]l Q] =R AHGE
208 AgH

1. Myers ER, Moorman P, Gierisch JM, et al. Benefits
and harms of breast cancer screening: a systematic
review. JAMA 2015;314:1615-1634

2. Kim HE, Kim HH, Han BK, et al. Changes in cancer
detection and false-positive recall in mammography
using artificial intelligence: a retrospective, multireader
study. Lancet Digit Health 2020;2:e138-e148

3. Elmore JG, Jackson SL, Abraham L, et al. Variability
in interpretive performance at screening mammography
and radiologists’ characteristics associated with
accuracy. Radiology 2009;253:641-651

4. Fenton JJ, Taplin SH, Carney PA, et al. Influence of
computer—aided detection on performance of screening
mammography. N Engl ] Med 2007;356:1399-1409

5.Lehman CD, Wellman RD, Buist DS, Kerlikowske
K, Tosteson AN, Miglioretti DL. Diagnostic accuracy
of digital screening mammography with and without
computer-aided detection. JAMA Intern Med
2015;175:1828-1837

6. Rodriguez-Ruiz A, Krupinski E, Mordang J-J, et al.
Detection of breast cancer with mammography: effect
of an artificial intelligence support system. Radiology
2019;290:305-314

7. Majid AS, de Paredes ES, Doherty RD, Sharma NR,
Salvador XJR. Missed breast carcinoma: pitfalls and
pearls. Radiographics 2003;23:881-895

8. Boyd NF, Guo H, Martin LJ, et al. Mammographic
density and the risk and detection of breast cancer. N
Engl ] Med 2007;356:227-236

_83_



CHORQ HIZARIOISIS|X| 2020;17:77-84

J Korean Soc Breast Screening 2020;17:77-84

Retrospective Analysis for Interval Cancer in Screening Mammography
Applied for Artificial Intelligence Based Computer Aided Diagnosis

Yeon Soo Kim, MD, Jung Min Chang, MD, PhD

Department of Radiology, Seoul National University College of Medicine,
Seoul National University Hospital, Seoul, Korea

Purpose: The purpose of this article is to retrospectively evaluate the diagnostic performance of artificial
intelligence-computer aided diagnosis (AI-CAD) for interval cancers in screening mammography.

Materials and Methods: From January 2016 to December 2019, thirty-three breasts of 33 women (age
range 40-76, mean age 54.2 years) who were newly diagnosed with breast cancer and underwent
preoperative mammography, whose screening mammography was negative within one year, were
included. Two dedicated breast radiologists reassessed the previous screening mammography in
consensus, and thirty-three interval cancers were classified into missed and true interval cancers. The
reassessment results were compared with those of AI-CAD.

Results: In reassessment, thirty-three interval cancers were classified into 12 missed cancers (36.4%)
determined to be actionable for recall and 21 true interval cancers (63.6%) determined to be
insufficient for recall. Of the 36 AI-CAD marks, thirteen (36.1%) were marked at the true positive
cancer. Of the 33 interval cancer, AI-CAD had correctly depicted 9 interval cancers (27.3%, [9/33])
including 7 missed cancers (58.3%. [7/12]).

Conclusion: AI-CAD had correctly marked a substantial number of missed cancer determined to be
actionable. Application of AI-CAD for screening mammography is expected to reduce missed
cancers caused by the interpretation error of radiologists.

Index words: Breast; Mammography; Missed cancer; Artificial intelligence
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