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2 A3 27 98YS Agde o
q 5% HAE 5
(Automated breast ultrasound, ABUS)$} HE
W & 1t(Handheld breast ultrasound)& TA
W #Z9<&(digital mammography, DM)3} g7 Al8jst
o, & AA AR AT S Hlast izt &S
= 20199 10€5E 20219 4€7MA] 4% X
e 27 8 #2145, e A TS W7 2F
ABUS 9 HHUSE DM} g Alsh eat&
2 3135, I} dEe 52 ABUSS DM
yast AAHABUS-DM) ¥ HHUSSH DM& W#Hst
AHHHUS-DM)E 59408 #Estglon, 2479
AP P o 2 = oMM (index cancer)d F714Q &
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o} o)Al HHo| s He A AE 7)|F(reference
standard) &2 Aro}, ABUS-DM3} HHUS-DMO] W17

T 9 EoEE vuEPon ABUS-DMO R E7}
HHUS-DM¢] th3l] H] ¥ 5 (non-inferiority)$HA] A HE
5%9] HIE S SAE A &sto] Frbskels. & Aol
Z 6597 9] A3 (B A 50.5t9Al)0] ZFHE AL 79
8 (12.0%)0lA = 8 9 7} oF Wwo] WHE o
H, o] & 64712 55 FHAM (TS ¥4 [multifocal]
5174, tt= 4] [multicentric] 137), 154 ¥ &
oA RS, F Y tist vt == ABUS-
DM} HHUS-DMOJA BE& 100%E FY3tda. F
7t &5 ¢ W g tist 9zt E = ABUS-DMO]
71.9%(46/64), HHUS-DM©] 75.0%(48/64)oH =
W ZF §oe Afol= gl (P=0.617). WHH, W)= oF
W Acko] tidt WztE = ABUS-DMo] 86.7%(13/15),
HHUS/DMo| 60.0%(9/15)2 ABUS-DMo] §-2]3}
A 2o NAEE HYS(P=0.046). Eo)E= 27} &
Z o} W (ABUS-DM: 97.7% [581/595], HHUS,/DM:
97.0% [577/595]; P=0.317)3} W& ¢ ®w¥ (ABUS-
DM: 97.8% [630/644], HHUS-DM: 98.3% [633/644];
P=0.467) ERol|A & ZAA ?R ZF {23t o] & Hol
A FYE. whebd ABUSE HHUSS| thA] AATZA %7
Y e d TS HS BH g8E 5 s AL
= 7|dE.
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ABUS+E 2-3 71| ©HA G5 dA] 94 A4
|nAZ 5517 o, A7t JF Adste 7
Z HHUSo| H]3 24l J4 o8& A3t ]2
Qs AArAe] o3t Y-S @ g, L3 HHUSS 2

O

image) = Al&3st7] wEol] 7] o
A 4 Brtstz]e] HHUSETE 298 £ 9l

oA A8 1 284S Hols A9 {1

ABUSS] <gto] e whd qirgo s ge $xto)
& A W7) Frho 9o ABUSS] AT Adsof tfgh a2
dloJg &= of4] B3

S B 22 A £F W9 WE 9B A
%253} (ultrasound: US)¢F #47] FH YA (magnetic
resonance imaging: MRI) 7} 2 AFEEI 2. &
ol SAtoA & A 250 $E HHUSE A Y
H, 201789 e EAE t 2 E 3 Moon 5(Moon
et a. 2002 Radiology 224:569-576)2] ¥t W=,
HHUS+= §3&dgolA Holz gUd thd/d (n=28,
14%), 54 (n=8, 4%) 4= F7t= YA, o]
2 &l HA Ao 16%(327) oA A5 o] HAE
Qe A S A S xeuE Ao x8ulet Ag
sto] AlE = 497 B e d A 2gudA
ZH Aozt YiH = B9, BHAS Tl Holg &gt
al, O Zdo) whEt dof H2F HAe (axillary lymph
node dissection: ALND) = M3 x| 8 A3 o
BHE $& Ao 24 4 S HHUS 2+ ¢ 4 o
o 2535 Al AR 4 Ao, ABUSE &5 o
SHRRE I3 5 Qlo] AA| AetR O] Hrh= ol w
A AR = Y S e A 7] BUHE e
ABUS Ht}= HHUS 7} 32 AdEo g8, 134 =
7] et (T1-2/N0) EAto A= Aot F24 Holo vl
7 v @] Wiiol| & H Aot 259 Al glo] &
ol &3 FAlO] 28st= 7HA 2 =2d A4 (sentinel
lymph node biopsy: SLNB)Tto 2% M} Ho] gz
o At 9 5o FEsITH= A+ 2aE0] AR )&
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2 g7, AFH vju A3 (ClinicalTrials.gov:
NCT04607473)= =Ui 37 tishg oA = lom,
7t 7139 AT LI (IRB) 59 YT &
Z W RE AW EIAE GRS AT A B

KX

G 27 BRES AYsigon HF =74
| 4o SEHUS.
2 dole ddHor 27 8ol MEA ATE]
, e U A 22d Ao o " T 204 o]de
o A7 TREUS(TH 1). YAz 27) et
AArE B3l &
A F el 27)7F A GA] Al E DMOA 5cm
ujgto] a1, oJAke] AA|AZINA FA] 7hast Aot Py
o7t Y= B2 AAsAS. oldol fHet X 5E W
2 Bgo| YA, A EE 4 FU A4, 4+ BF
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0|52 &% DM}, ABUS ¥ HHUSE A3t o+ 4
=4 TG RYE WU = 9 e 2 AAEZE A
AE WS o] F, 4182 & A AN 271 &
oA tigt 2 W Ado] §AY(n=33), &

d o]}e] @7 4 BFo| o]FAA] FoH(n=8) A

BE $A4E $99 A% FA, F E59 DM A
H|(Selenia Dimensions, Hologic; Mammomat
Revelation, Siemens) % 3hE ARSI 4= Gl
s 29L& APsAS. DM AE & & A 25 H
7] AAE S8 BE EAY &S fdol tis] ABUS 9
HHUSE A#3t9S. ABUSE S3HE WA AL o3
ABUS A]AHE|(Invenia ABUS; GE Healthcare)S A&
sto] 3w o FAoF 1Fut g2 (wide-field-
of view transducer, frequency range, 6-15 MHz;
aperture length, 15.4 c¢m; transducer bandwidth,
85%; imaging depth, up to 6.0 cm)& | &3} L.
7t ool e Aad Al A $E(A3 (anterior-
posterior), =W (lateral), W= (medial))olA 44& &
Seh9lg. B 9 A7 2 840 49, BE f &
Aol 2gY & YES DL A 7 JBS FISe] 2

oA} ABUS #ExtE= HHUS ATE Al2uha] &gkl
HHUS #5A= ABUS A0S AlgHA] 3¢S, T3 &
E 4524 3 aUES Agugitts AHL S A
At QAL A Atk HE T = e 7|ES v
o2 FJUHENS: 1) F g gA A E I7] &
7 (Identification of the index cancer): FLCE A
B F o HH oA ZgatoA oA oA WRio] g

A= =AE H7hstal, s ¥ 2715 S48, 2)
g A/ (multifocal), T4 (multicentric), = &
Z7d (bilateral) *¥ <] &Ql: 371 & o4 WY 7|
& X & 7153l o, 2 ¥{Hol tjs] ACR BI-RADS
=5 AAE A8t A 7HsE S E. AE4
O, T WEYELS SHA 2R ABUS ¢ DM
(ABUS-DM) =+ HHUS ¢ DM (HHUS-DM) % 3kt
& 285t oA, T, B 9348 o 947 S
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Assessed for eligibility according to the following inclusion and exclusion criteria

I. Inclusion criteria

II.

A.

oOnw

Patients with early-stage breast cancer (clinical Tis, T1- T2 cancers are suspected
on mammography at the time of diagnosis), without palpable nodes at physical
examination (clinical NO)

Patients who scheduled to undergo surgery and sentinel lymph node biopsy
Patients aged 20 years or older

Patients who voluntarily agree to participate in this study

Exclusion criteria

moaQwx>

A history of previously treated breast cancers

Patients who undergo excision biopsy for diagnosed breast cancer

Pregnant or lactating women

Patients who have breast implants

Patients with no final pathological results for the additional lesions in preoperative
staging

Between Oct 2019 and Apr 2021, this prospective study enrolled 700 eligible women with
newly diagnosed early-stage breast cancers.

ABUS and HHUS adjunct to mammography were performed in these women to
determine preoperative local tumor staging, followed by surgery.

41 patients excluded

33 patients with no final pathological results because additional lesions

were found in the ABUS or HHUS, but no preoperative biopsy or surgery
was performed on these lesions.

8 patients without follow-up after surgery

659 patients with newly diagnosed early-stage breast cancers who underwent ABUS and
HHUS adjunct to mammography were finally included for analysis

580 patients without additional cancer

other than index cancer

79 patients with 95 additional cancers

other than index cancer

50 patients with
1 additional

14 patients with
2 additional

13 patients with
1 additional

1 patient with
2 additional

1 patient with
1 additional

ipsilateral ipsilateral contralateral contralateral ipsilateral and
cancer cancers cancer cancers 1 contralateral
cancers
J8 1, AP oS HEIH SEE
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FEHom AHsll S

BE 2= F ¥ (index cancer)ol Tigh &4
A A DAEZE B T Hot d2F AAeS
Alstls. F71E HdE o 94 ¥ HF g2
Fed A7 ke e A AP BY2AEH 2438 7
Fo02 AAEAS. ABUSS HHUSE o] &3] 43t
T oW A7)9F e o® EQlH A7) 7Ho] A&
£ B71e9lS. =3, ABUS-DM % HHUS-DM9] Itk
e Hlastal, 72t AA e o ol 5y Yl
A, 344, 4548 o A 58S 24895
BI-RADS 7}e|1E] 1, 2, 302 BEEE HHS P w=
g o g 7+EEon BI-RADS 7HH| 18] 4 T 52
BERE WAL g om Adsigle. v o R, ABUS-
DMe] HHUS-DM¢]| H|sj R1ZtE ST o)A H] Q5 (non-

inferiority) $tA] & 37} 3.
ABUS®} HHUSE 9]

g3y A7) 7te] A =5 Hrletr] Ya s A
A 4= (interclass correlation coefficient, ICC)S At
39S, ICC 7129 wat 0.50.75= 25 %, 0.750.9
3, 0.9 o|FS 4% AFER LIS, =
t, ABUS-DM3} HHUS-DM 7He] At %2 v a3}
7] Y&l McNemar A4} 7hol Al A8 A3
ABUS-DM9] AT W1Z+=7} HHUS-DMo] H|&| H|EE
(non-inferiority)3tA| & H7}sl7] Q& & Aod Hl&
Zkel zpolof thgt DT HAAS sPston, HE
8 = 5%E AAsAS. A4 K8 V€S P
< 0.052 Aosl¥on, = BAL SAS(version 9.4,
SAS Institute, Cary, NC) ¥ R(version 4.0.2, Vienna,
Austria; http://www.R-project.org/)< ©]-&3to] 3§

ol

—_

CHOHR G2 22 /T2t AT o] X[ Cp7| 2 A4t 21X

& Ao A3 &Y 2 F(neoadjuvant chemotherapy,
NAC)E AlEAE (F1).

ABUSO|A g/d2lsta} HE 52 HHUSHT Hj 7 9
I 824 E ¢ ‘]2 4 (heterogeneous) 0|2kl F7}s}
A&, ABUSQ HHUS EFolA 3 gdo] BAE QA

O
Jst £ o A7]¢F WelEhy A7]9
TE Bt A3, F AL BR S5EY gAE Y
< (ICC 0.541 for ABUS vs. pathology; ICC 0.526
for HHUS vs. pathology).

Z 16071¢] 71 o] HA oM, o] F 957+=
oFgol AL 657 FAoI. & W] 79, ABUS
o} HHUSO|A B5%= ¥HAE W2 587]9% o) ABUSA
At dEAE WL 147), HHUSO| AT YHAE HHe 11
NQE. w3, ABUSY HHUSOIA = HAE R oot
& A MRIOAN AEE g g2 29S (F2). ¥
A ol A9 ABUSS HHUSOIA R%E WAE BHo
1270910 ABUSOIA T ¥HAE WH-& 2071, HHUSY
AT HAE -2 1871915, ABUS 9 HHUSOIA H&
7] kot £4 A MRIGIA HAE FA HHL 157

F& W9l 7oA ABUS-DM
T OEAAE) 9 A
|aste] BlESS UAEE Helom
(71.9% [46/64] vs. 75.0% [48/64]; P=0.617), L &] &
o A BAME = HAF T [FY8E Aol 7t YERUHA] 8ot
(3 3).

z27] Y £& A ¢ ¥ B7rlA ABUS-
DM2 F71 W& (F34) 89 JdelA HHUS-
DMHET} =& W% (86.7% [13/15] vs. 60.0 [9/15];
P=0.046)9} &2 &4 =% (99.7% [630/632] vs.
99.1% [633/639]; P=0.047)2 QS (¥ 4,18 2). 1
9] A ARoJM = F AA T FY3 Zol7t YEtA]

ool o
& AT .

3) & Zof nE

Z7] Y A4S Ao R g B ALo]A ABUSS}
HHUS®S] 3 el WAl tigt Wizt E+ BF 100%
Z Fdsiolon, W 7] HrlME T AA BE &
ARt e s Bl
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H1. Continued

Characteristics All study patients

Characteristics All study patients

(n=659) (n=659)

Age (years)* 50.5 9.0 Adjuvant hormone therapy

Menopausal status No 94 (14.3)
Premenopausal 326 (49.5) Yes 578 (87.7)
Postmenopausal 333 (50.5) Note.— Unless otherwise noted, data are numbers

Family history of breast cancer of patite;]nts or lesions, with the percentage in

parentheses.
No 571(86.7) *Data are mean = SD. Patients who underwent
ves . . 88(13.3) neoadjuvant chemotherapy (n=58) were excluded.

Mammographic density "Other invasive carcinomas included 17 mucinous
Almost entirely fatty 15(2.3) cancers, 3 metaplastic cancers, 3 tubular cancers,
Scattered fibroglandular density 117(17.8) 1 clear cell carcinoma, 1 invasive micropapillary
Heterogeneously dense 308 (46.7) carcinoma, 1.ma||gna.nt adenomyoepﬂhehoma, and 1
Extremely dense 219 (33.2) invasive carcinoma with apocrine feature

. Y ) ) 21+ ) 79 patients had 95 additional cancers other than

Pathologic tuinor size of index LEAN index cancers; 63 patients with one additional

cancers fcm), o (ipsilateral, n=50; contralateral, n=13) cancer,

Pathologic diagnosis of index and 16 patients with two additional (two additional

cancers . ipsilateral, n=14; two additional contralateral, n=1;
Invasive ductal carcinoma 547 (83.0) one ipsilateral and one contralateral, n=1) cancers
Ductal carcinoma in situ 55 (8.4)

Invasive lobular carcinoma 30(4.5)

POther mvafsw;d(_:t?rcw:omas 27 (4.1) &7]— c‘>:]'- kﬁ‘iﬂ 73‘9, }\é%‘"‘% _E_;Sl—g_ 7‘_:':]_34_, %—é‘ -ﬁ-‘%}'%" 73.
resence of additional cancer o = ABUS-DMo| HHUS-DM3} H| &3 Eojx 2
No 580 (88.0)

Vo? 90120 HO|WAE HASH YRS B W, 27} whE
) o T AT - -

Presence of axillary lymph node G AR = A_BUS DMe] HHUS-DMEH & 3=

metastasis 2 UHEe &4 ST E HS. o= ABUSOIAMT A
No 568 (86.2) TE = B (coronal) FAo] thdA B ZdoA
Yes 91 (13.8) o §-&3HA 2857 ez AR

Neoadjuvant chemotherapy St B Ate] 23E 27 9 #219 13.8%
No 601 (91.2) (91/659)914] 9ot YA Ho|7t AE g o, o] F

SYes 58 (8.8) 6.5%(6/91)T0] HHUSAIA o4 24< Bon 1
;gzg—tzgiservin surger 565 (85.7) T 93.5%0) = HHUSO)M o)d S4lo) #asA) #
vastectony 04 (129 U1, AFHOE 5¢ WY AUE £ YLAH A

Adjuvant chemotherapy ' (metastasis)7} JQE A, watra 7] FEY EAto
No 577 (57 2) A oot Yz Holrt 222 Wk WEst W)
Yes 282 (42.8) 2o, #& A dof 25ute A4 T4 AFHA L

Adjuvant radiotherapy Ao B o]fd Ae 18w, 7] $FY A}l
No 102 (15.5) A AotR 250k A 98l WFEA] HHUSE A3 3
Yes 557 (84.5) 9+ glom, ABUSE &8 H7te HAsh tigte] & £

Continued AL AR HY.

ABUS: HHUSO| H]8] AR} o)&4o] G, F=1
Y AT Aol Eob Y AXolM D
HE AR 9] AHEEI 918, ABUS-DME o

—

8%
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22 x| 7AYo+ © Y Y| VIE ?lofl 2EE ABUSLt HHUSS| =30 474 H|w

US findings ABUS HHUS P Value
Background echotexture 0.004
Homogenous—fat 66 (10.0) 55(8.4)
Homogenous—fibroglandular 249 (37.8) 309 (46.9)
Heterogeneous 344 (52.2) 295 (44.7)
|dentification of index cancers (n=659)
US size of index cancers (cm)* 1.8+0.8 1.8+0.9 0.999
US lesion type of index cancer 0.079
Mass 584 (88.6) 604 (91.6)
Nonmass 75(11.4) 55 (8.4)
Detection of additional cancers (n=95)" 0.740
Detected 72 (75.8) 69 (72.6)
Non—detected 23(24.2) 26 (27.4)

Note.— Unless otherwise noted, data are numbers of patients or lesions, with the percentage in parentheses.
ABUS = automated breast US, HHUS = handheld breast US.

* Data are mean *+ SD.

79 patients had 95 additional cancers other than index cancers; 63 patients with one additional (ipsilateral,
n=50; contralateral, n=13) cancer, and 16 patients with two additional (two additional ipsilateral, n=14; two
additional contralateral, n=1; one ipsilateral and one contralateral, n=1) cancers

H 3, 7| e & © ZY Y| HILE 2o 2E2E 71 S5 FUY HIIE f/e ABUS-DM % HHUS-DM B AAt
o Tt M H|w
Performance ABUS plus DM HHUS plus DM P p*
All patients (n=659)
Sensitivity 71.9 (46/64) [59.9-81.4] 75.0(48/64) [63.2-84.0] 0.617 0.611
Specificity 97.7 (581/595) [96.1-98.6] 97.0(577/595) [95.3-98.1] 0.317
PPV 76.7 (46/60) [64.6—-85.6] 72.7 (48/66) [61.0-82.0] 0.433
NPV 97.0(581/599) [95.3-98.1] 97.3(577/593)[95.7-98.3] 0.638
Dense breast group (n=527)
Sensitivity 71.7 (38/53) [68.4-82.0] 75.5(40/53) [62.4-85.1] 0.564  0.569
Specificity 97.5(462/474) [95.6-98.6] 96.6 (458/474) [94.6-97.9] 0.285
PPV 76.0 (38/50) [62.6-85.7] 71.4 (40/56) [58.5-81.6] 0.407
NPV 96.9 (462/477) [94.9-98.1]  97.2 (458/471)[95.3-98.4]  0.588
Non—dense breast group (n=132)
Sensitivity 72.7(8/11) [43.4-90.3] 72.7 (8/11) [43.4-90.3] 0.999 0.608
Specificity 98.4(119/121) [94.2-99.6] 98.4(119/121)[94.2-99.6] 0.999
PPV 80.0(8/10) [49.0-94.3] 80.0(8/10) [49.0-94.3] 0.999
NPV 97.5(119/122)[93.0-99.2] 97.5(119/122)[93.0-99.2] 0.999

Note.— Data are percentages with raw data in parentheses and 95% Cls in brackets. ABUS = automated breast
US, DM = digital mammography, HHUS = handheld breast US, NPV = negative predictive value, PPV = positive
predictive value.

*Noninferiority of ABUS—DM was assessed in sensitivity at a margin of 5%.
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AR|4: Chokg

LY goAAL /o F TR XA B2 |3 AT 21A

38 2. (g) ABUSO|A|SH HZAE =71 HH(H
g HA2 2 ™ st MRIKAE & 9
A ANE HAZEHEE F UHHS LIE
H), ¥= RUENM=SE Sof F7H LHE
= HHe S MO|f(ductal carcinoma
in SitV) 22 SZIZQOH ZEXOR SX=
U=N RUACR THEIAZ

H 4, 27| QUtol a2 M U HI| WIS 25 2= ABUS-DM % HHUS-DM BEH ZALe| 7} gitfE ket Trtof|
oigh 2iEt M Hlw
Performance AB US plus DM HH US plus DM P p*
All patients (n=659)
Sensitivity 86.7 (13/15) [62.0-96.3] 60.0 (9/15) [48.8-78.2] 0.046 0.999
Specificity 97.8(630/644) [96.4-98.7]  98.3(633/644)[93.1-97.9] 0.467
PPV 48.2 (13/27) [30.7-66.0] 45.0(9/20) [25.8-65.8] 0.740
NPV 99.7 (630/632) [98.9-99.9]  99.1 (633/639) [98.0-99.6] 0.047
Dense breast group (n=527)
Sensitivity 92.3(12/13) [66.7-98.6] 61.5(8/13) [35.5-82.3] 0.046 0.569
Specificity 97.5(501/514) [95.7-98.5]  97.9(503/514)[96.2-98.8] 0.617
PPV 48.0 (12/25) [30.0-66.5] 42.1(8/19) [23.1-63.7] 0.547
NPV 99.8(501/502) [98.9-99.9]  99.0(503/508) [97.7-99.6] 0.047
Non—dense breast group (n=132)
Sensitivity 50.0(1/2) [9.5-90.6] 50.0(1/2) [9.5-90.6] 0.999 0.608
Specificity 99.2(129/130) [95.8-99.9] 100.0(130/130) [97.1-100.0] 0.317
PPV 50.0(1/2) [9.5-90.6] 100.0 (1/1) [20.7-100.0] 0.479
NPV 99.2(129/130) [95.8-99.9]  99.2(130/131)[95.8-99.9] 0.479

Note.— Data are percentages with raw data in parentheses and 95% Cls in brackets. ABUS = automated breast
US, DM = digital mammography, HHUS = handheld breast US, NPV = negative predictive value, PPV = positive

predictive value.

*Noninferiority of ABUS—DM was assessed in sensitivity at a margin of 5%.
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