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(HE] TS50 28 IUIEXLER (full-field digital mammography, FFDM) W] &2 BFAG AL A BT 3%,
BVEN—Fh e Sit% 7, X T B LR R 2R, SIS W R R RS S P ) R R B SRR 2 A %
(digital breast tomosynthesis, DBT) 54 FFDMX FL A8 (11 48 5012 Wi i 18 LR 1 73 #5524 46 (high-resolution, HR) iz
(43#41 B£940°, DBT-HR) FlbRiEfAH (standard, ST) #E (43#iff AL A15°, DBT-ST) 2Wi LR AR E. 7ik:
ATBEVEICEE20164FE7 H—9 H 2ol PR alEE 75 16 T3 PR 48 LIRS 28, HL28 2 )5 ARG sl AR S5 73 B 2 A6 75 1IE S 17569 2 M L
RN ¥, {TFEDMAMIDBTH 2%, BEAL# ADBT-HRZIMDBT-ST4], XfFFDM &4 MDBT4E & FFDM B #4700 . 218
20130 CALIREAAG R 5 AEPE 24:)  (Breast Imaging Reporting and Data System, BI-RADS) r25hpif, DL 224G & 45
BoNE bR, K2 E TAEEHE (receiver operating characteristic, ROC) HiZk /> HTFFDMAIDBT4E 4 FFDM 4 W 25 B,
R AN 7] (1) L AR AG 153 2555 3l 43 iTDBT-HRAIDBT-ST1) R AGF R 1E . R 175618 F LA H 1814k, RMEF LS50
A, B34, FTA AN B I FFDMAIFEDMZ: & DB R 4505 81.92%H191.15%, 45 5 B 77.45%F187.25%, 7
T ROCHIZE ¥ 28 T AN (area under curve, AUC) ZEFAH Qi = X (0.88 vs 0.94, Z{H=5.37, P<0.01) . BHAL
4> ANDBT-HRZL %5 4186 i DBT-STZHJpi £:954 . DBT-HRAIFFDMAIDBT 3: BAE R F Il — 5% 783.14%, {YDBTH] &N
3.49%, DBT-STZHFFDMAMIDBT: BAE LTI — 3 F N92.63%, {XDBTH WF H0.53%. FEZERI LA DBTE RHEA
i P R AR B B s W, IR HRA S B AL s R UE (18.72%) FNSTAH 108U % B AL 55 MR 71 (14.28%)
W iR . 4518 FFDM4 4 DBTHIZ K ALAEE T-FFDM, HDBT-HRE TDBT-ST, JiI &% 802 87 5 12 Wi o
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[ Abstract] Background and purpose: The use of full-field digital mammography (FFDM) can significantly reduce the mortality
rate of breast cancer. However, it is a two-dimensional imaging method, the sensitivity and specificity of diagnosis are significantly
reduced in patients with dense breast. This study compared the detectability of FFDM alone versus FFDM plus digital breast
tomosynthesis (DBT), and the detectability of scan angle of 40° (HR-mode) DBT versus scan angle of 15° (ST-mode) DBT for the
diagnostic evaluation of breast lesion. Methods: The prospective study enrolled 175 women with clinically suspected breast lesion
from July 2016 to September 2016 in Fudan University Shanghai Cancer Center. One hundred and seventy-five patients confirmed
by biopsy or surgery were included. All the patients underwent full-field digital mammography (FFDM) and DBT examinations, and
patients were randomly allocated into DBT-ST group or DBT-HR group. The images of FFDM and FFDM plus DBT were analyzed.
According to Breast Imaging Reporting and Data System (BI-RADS, version 2013), the receiver operating characteristic (ROC)
curve was used to evaluate the diagnostic efficiency of FFDM and FFDM plus DBT, referring to the pathology as the gold standard.
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The sensitivities and specificities of DBT-HR and DBT-ST were analyzed according to different breast compositions. Results: A

total of 181 lesions were detected in 145 patients, including 50 benign lesions and 131 malignant lesions. The sensitivities of FFDM
and FFDM plus DBT were 81.92% and 91.15%, and the specificities were 77.45% and 87.25%, respectively. There was significant
difference in the area under curve (AUC) between the two methods (0.88 vs 0.94, Z value was 5.37, P<0.01). There were 86 lesions
randomly allocated into DBT-HR group and 95 lesions into DBT-ST group. For DBT-HR group, the consistency rate of finding
between FFDM and DBT was 83.14%, and the only DBT detected rate was 3.49%. For DBT-ST group, the consistency rate of
finding between FFDM and DBT was 92.63%, and the only DBT detected rate was 0.53%. Compared with the non-dense breast after
combining the DBT, the improvement in sensitivity and specificity was more obvious in dense breast, especially the improvement in
sensitivity of dense breast in DBT-HR (18.72%) and specificity of dense breast in DBT-ST (14.28%). Conclusion: The diagnostic

efficiency of FFDM plus DBT is superior to that of FFDM, and the DBT-HR better than DBT-ST, especially in dense breast.
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SR FFLIRX LS (full-field digital
mammography, FFDM ) J& H fij &6 FliT4 2L
P g %) B R AR T 5K, (AR Sy — T 4k R
J7 20, AR T e 2 0 T B 0 A 4k IR AR Al 4L
fiss . BEAEAFSE ' F B, FEDMX LR i
REGEHT0%~90%, F55E HN60%~80%, Tfi
FFD MO EE 0% A ZL R A B 5328 h 2L i R
RS F1809%~98% , i85 UL AR A4 B 53 253 0%~
48% 7 o BRTT Y R, S LRI Y
2P AR LR B XU, 2 A B0 R LR A B 25 &
PERI2~618 . DRk, Qi far 4t v 250 B 2L AR A8 Al 4
LRI 2 BT AR A2 iR o A A 1 ) R

B FUIR R ZE A BE ( digital breast
tomosynthesis, DBT ) 1 h—F#r %02 Wi
AR, 3 A A ) PR L s AN [ A R 22 Uk O AR
B—ZINEMR, RIEHITARGERN—RY)
R R HER AR Z BIG, AT DL s 1 R
FLE AL Sk ES R, 45 s LR A
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FIAS[A]) R4 T AN ) (R A i Dy S8R S B
ARG, R 150~500 1 RE s
DBT/2/MAEHEH (FiMEN15°) , AUaH
SYHIDBTR A A A (40°~50°) ¢ JLF
Wi ST ) 122 BIFFDMER & DBT 2 K31
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(RIFSY, A RE R A HGE TP LR LR e
AR CRBU/NAEE ) Mg, RFSHE AN
RRALIL AL e 5 £ A AP B SR KA B (43
iR 400 ) FUNMAERES (HiAELS) o &
5% B FEFR T FFDMIEK A DB THI Ll i I FFDM

X FUMR I 2 WAL RE , RIS FL A DBT i 43 HE %
{94 (high-resolution, HR) #z (AR
40° , DBT-HR ) FIDBTHREFIH ( standard,
ST) #ixl (FAHifMEN15° , DBT-ST) XA
FLRHA B AL 73 FLIRE 2 WAL RE
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WESE o HEBRARIE: O GEiRM . M AR 7L
104, @ ANREEL AR 0 B A . RYE L
IRFRAESL2 1001 S E I AAI ST
1.2 HEEREHZE

K HASE L 23 W] B Amulet Innovality
ARG, B AR B AT, s R
il ( B ) ARG . KA AT ek B
SERRFE LR, JFRRIARR SR SO AT 5
Y, kAT etk (craniocaudal, CC)
i Rl /N FEBESC I DBT+FFDM, #5471 43}

( mediolateral oblique, MLO ) i Kuli/]Nff 1

JEHIDBT+FFDM, 34 Auto-Filterfs z it 17 B3
o DBTHG A 1 RSN FE BRI FE 18 52 i FLAR
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HREL ) BFZLIRMLALZE EAT + 200 e ss , 1
2.67° M1k, 15k /MARE (DBT-STHER )
AP FLARDLALAL AT + 7.5°0ER% , R IR,
15K, LA ESEE . SREERURINT 1Y
ESHHEDBTENR, FATHBFFDMENR . 08T
24 cm x 30 cm, 42 Z RS A50 um, DBT-HRAKK
(I E] 249 sTTDBT- ST 2 4 s
1.3 B&oH

T MG R 58 U5 ¥ A sl g% 2500 71 1%
R IMWFUJIFILM ECOMZLARIZ W R G750 -
2057 N FEZLAR S AG 2 W B BRI B f, 78
el A TR B R 2 /i, XS 5 AT 7 1Y) )
A B AT R DL SGR R L Ao 2%, BRIET
FHE 1S B AL & e IL A 52 . 72N HITE B
Bl A I PR 5 5. . DBTHIH 7 ( HRABE A Bk
ST ) B AR AT 25 I OL T, BRI A
e 37 B S A B FFDMIEMS: , 48 5 15
(e iZFFDM45 & DBTEMG I Bl st o i T ik
FRE sl /D ) BRI . AR ) SRR, FF
S AT AT R4 T ) o ) 8 (o R ) — 8
e s lde s . FLBRAI 2 (a: JERFAY;
b: BUEELFUENRIR; ¢ RIS YERRA; d: W
FESCRFAERRAR ) AL E L ek RS
(B #8540 . AR S ab il ) RFLIRRAR
et Fidis £ 40 ( Breast Imaging Reporting and
Data System, BI-RADS) 2t s32s. fEANE
i, 8 SCELIRAA B Hea s Fb 2 AR Sl A 3L
B, FUIRFI A 2 c M N BRI FL .
20131 BI-RADSZ Wit 5 43 M 4 A e m]
REMER29%~10%, TN RAAISIRAE R ZH0R B A%E5%
A5, HEERATIGIR T H0 (ZEREAS ), PR A
FOKAB I UL o2 SORNE , DASRAS B = 119
PR A OCHE
1.4 REFHE

FR R I PR 5 SR AT 25 N BT 22 TG A . 25 4l
Bl W 3% A ol T AR UI B, X BT AR AR AT R
JE AR R, AT RO H-BYL K e s 41 8k
0T HR24% NS5 FLAR IR 12 T Y 1 A B
PHEIMXTZHZID) 7 A7 R e, 220120t AR T
A 2040 ( World Health Organization, WHO ) ¥
Ji T eE s B2 Sy RS W AR o, I R AR I L 2

FH
1.5 GitE4biE

K HMedcale 12. 78475011250 H1
DL Bl 2 A A 25 2R @ brifE, iR4EBI-RADS2
Wik 5 732¢ (BI-RADS 1, 2, 3. 4A, 4B, 4C
M5) #4720 H TAERHE (receiver operating
characteristic, ROC ) k¥, BI-RADS 1.
2. 3. 4AN R, BI-RADS 4B, 4CHIS K&
P, IR ZE 5 LB [R] 5 150k A 7 v i it &
T FE (area under curve, AUC) . iHHE&ERIFR
Fxxs (I AFRIR, THECFERER 4 X4 (% )
TR 5 AR B L A PR I 4 SR R i R
PR B0 Rk AR 56 5 X 00T R W A 37 R
ARHAESEAGK: ( Mann-Whitney UFEFIRGE )
P<0.05 M S AR X . KHKappaR st
HIFFDMAIDBT ) — 3k

2 % R

21 —RER

A21001] F 5 BEMLEPEHRA N STAL S,
VBIFERDT R ZRR Y, 246IFFDM%5 5 DBT
KULIHMEAZ L, 1051 CHR PR ah 5, Mk L
350 2 5 He 1 75 AL semgE, e Sl
WeAE, L1814k, FRERAAAG A 45 RS 1314
kAN, SO R (£1) .
2.2 FFDM#IFFDM%Z &DBTHItL %

ARG AR EIN B B, 814 AL,
T FFDMZH 4362kt %k, FFDM%Z54 DBTZLR
F362AR AR, ARG G A 45 o S bR
HHEBI-RADS /M HTFFDMZH Y R 455 481.92%,
WS K77.45% ; FEDM%Z54DBTA R HE K
91.15%, 4¢SS 487.25% ., FFDM4AIHAUCH
0.88, MFFDM&54DBTAAUCH0.94, R4
Medcalc3 - FPROCHIZ 43 HrDelongi, P& 2
SAGFE X (ZEH=5.37, P<0.01) .
2.3 HR#EXAMSTERAMELER

B HEPLE ADBT-HRAL 204 5 DB T-S T
A4, DBT-HREAATFFDMAIDBTIY K i £
(40°) 1%, DBT-STH R FTFFDMHIDBTH)
N (15°) W, AR50,
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831 Hi & ik A DBT-HREL 2 92 4] i & ik A
DBT-STHIZ 4], HRALFISTL A 341k X5
A5, WCHRAISE 1 72 k4, STA13E190M %
KEE, 241IE Y BE A L FLIRM S A
R 30 JR B J s Bl kG A 4 SR 2 RS 2F B L
(1) . STZHAFFDMAIDBTHSAMAR -1
JEAAF & (average gland dose, AGD ) 4til2#
X (1.34 mGy vs 1.39 mGy, P=0.26) , [fiiHR
ZH DB T 1) A7 AGDZ) HFFDMF AGD 1
2f% (2.80 mGy vs 1.40 mGy, P<0.01) ., H##
FLIRAE RS 2545 40 L B HR 2H IS T4 1112 i &k g
(%2) , LILEHRA L ESTA, BRI
FES5 G DB 2 503 AR 5 B 4w 4 e AR i s 7
AFEHE (E1, 2) , FIESEERFLE B, HR
HFSTHM RS R H<5%, Mk 72
TG FEEERFL G b, 2410 R %
FURES Y B RS, LI EHRA B B R b

REE (18.72% ) MISTLH M BIFL b 15 5
FE (14.28% ) A e E . RHEBI-RADSS
240 JFFDMMIFFDM%5 4 DBTH —&PE, HR4
AKappaffi #0.61 (95% CI. 0.55~0.68 ) ; ST#H
i Kappaft #0.70 (95% CI: 0.64~0.76 ) .

HR-DBT4 A 102/ %1 fEFFDMAIDB T £
35 R B R A e s 364 kL B A5 FLE 42
Hrp 8R4 A DBTIA & B A5 FI AR S, i
PRAP ARG A 25 FAE S Y % 8 kEFFDM A
DBTHRIAAXIHK; 159k FEDM &I A A
XK, DBTRIAMH (K1) 5 61Kt FFDM
IR AYE, DBTRICHAXFR (44 ) Sifipl
(24) 5 BS54 FFDMHIDBT ) G FH M &
B, HA AR (2 R ) .
HRAMTFIZHE HN2.91% (5/172) , {YDBTH] IL#K
$93.49% (6/172) . FFDMAIDBT 3= B fF 4 F
— 3 FN83.14% (143/172) .

#1 HRAMSTA—MARILE
Tab.1 Comparison of general data between HR group and ST group

Item HR group ST group P value
Pathology
Invasive ductal carcinoma 51 64 0.46
Ductal carcinoma in situ 6 2
Other types of breast carcinoma 3 3
Fibroadenoma 9 7
Adenosis and cyst 11 10
Intraductal papilloma 3 2
Inflammatory infiltration 0 3
Phyllodes tumor 3 2
Agelyear
<40 5 6 0.98
40-49 28 30
50-59 26 32
=60 24 24
Xts 52.99+9.39 52.96+9.80
Breast composition
a 3 2 0.46
b 24 22
c 42 53
d 17 18
Breast compression thickness D/mm 46.25+12.15 45.1+10.72 0.50
Average gland dose
DM 1.4040.35 1.35+0.34 0.13
DBT 2.80+0.73 1.3940.33 <0.01
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ST-DBTAH A 123 Mkt f/EFFDMHIDBT I
PIRM M (E2) ;5 26 AR
fE%, DBTA K IMHALIES; 144 FikEFFDM
FIDBTHRIAAXS R 13715, FFDME I
KARXEFR, DBTRI MM, 1164 FFDM
FMIDBTYRM AL ; 11 ,EFFDMER

oA, DBTRI ME (E3) 5 124
Wi kL FFDMFMDBT Jo FH M & B, Hrp 44~
BN (BRESE I ) o STAMIREZ
%H6.32% (12/190 ) , {UDBTH] W% 50.53%
(1/190) , FFDMFIDBT 1 4 9 — 5%
}492.63% (176/190) .

F2 WRIBEILBRMMS LS A KHRAFSTARIS HislsE

Tab.2 The comparison of diagnostic efficacy between HR group and ST group according to the breast composition

HR Group ST Group
Breast composition FFDM FFDM+DBT Difference FFDM FFDM+DBT Difference
Non-dense
Sensitivity/% 86.36 90.91 4.55 95.24 97.62 2.38
Specificity/% 100.00 100.00 0.00 66.67 66.67 0.00
AUC 0.91 0.94 0.03 0.94 0.97 0.03
Dense
Sensitivity/% 72.97 91.89 18.72 81.00 88.00 7.00
Specificity/% 84.09 93.18 9.09 66.67 80.95 14.28
AUC 0.86 0.95 0.09 0.80 0.90 0.10
Total
Sensitivity/% 77.97 91.53 13.56 85.21 90.85 5.64
Specificity/% 87.04 94.44 7.40 66.67 79.17 12.50
AUC 0.88 0.95 0.07 0.85 0.91 0.06

1 Z#49%, HEHIE, ALRAESER
Fig.1 A 49-year-old female patient with dense breast, right breast IDC

A-D: Bilateral breast FFDM (CC and MLO positions), asymmetry was seen on right CC view, BI-RADS 3; E, F: Right breast HR-DBT found a high
density mass in the inner upper quadrant with spiculated margin, BI-RADS 4C

B2 574, BEBEIE, AILRAESER
Fig.2 A 57-year-old female patient with dense breast, right breast IDC

A-D: Bilateral breast FFDM (CC and MLO positions), a high density mass with indistinct margin was found at retroareolar area, BI-RADS 4B; E, F:
Right breast ST-DBT found the same mass with obscured margin, BI-RADS 4C
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B3 %4374, HERIE, AILREESER
Fig.3 A 37-year-old female patient with dense breast, right breast IDC

A-D: Bilateral breast FFDM (CC and MLO positions), no obvious abnormality, BI-RADS 1; E, F: Right breast ST-DBT found an equal density mass

in the outer upper quadrant with obscured margin, BI-RADS 4C

Bz, AW £ FFDM%E 4 DBTX 3L R
PG 2 B e TFFDM, TiiDBT-HR AL T
DBT-ST, JLHERAEZEMIL T,

DB T & — T 5 F - A £ 0 245 174 v 2 g FH 47
R, RIEAEGARIZB U F SR 45 5%
F RGN FRE AR TE K 0 AR 2 R AR,
i — R YA ] B X FUNRIEA TP R 5, SRS
[ M T /R S B i, i S
T AT LT B R g, Jfidt—
WALHR R =4 E R . RIEATINY A, FFDM
454y DBTHE R 5 FLIRIE A AR Hy 3 (50 112 19200
HAET, AR ZOFLRPL DB T, |
AR RG220, #DBTRAENSE WA A
[, SEAMAHERE . A B e I
AR Y BEAERTAY P R, gl
FEAT) " Z IR %, SFEDMAIH, FFDM&54
DBTTEIZ Wi ZL I 77 RS EAT B s i R U |
FEMAUC, AT HBEIIFFDM4S 5 DBT
(WL e TFFDM, S5REAIRE—2. HHh
DB T ] i 2> £ 4 B (A 41 4155 & 1 235 # 1) B 5
AT AT L 7 A s 558 7 9 A 1A TR AR 30 % 4 1
FHER 2. BT AFDBTRAEHMIEN
15°~50°, i HAffR > W75 5 AN RIDBT R 4t h
R A BE XS WAL RE A 52 e i E A T L LA
AW FE A B SEE T35 R A9 1% 2 S 75
S MDBTIZW e . BATIA W EH LA
DBT (40°) FI/NMADBT (15°) R As B AT

T it AR AR AR FLAR SR T 2 AL RE
DBTH S MALHHIAGD, A1 AZBSTH R
DBTHl & JL-T- 5 FFDMHE i =4[ ( DBTH
1.39 mGy, FFDM¥1.35 mGy) , {H/Z2HRHE
(DBTH| & L FEDM A & (19265 (DBTH
2.80 mGy, FFDM &1.40 mGy ) , M35 it
2¢4> ( American College of Radiology, ACR )
M FLIR R B AR EYL: ( Mammography Quality
Standards Act, MQSA ) ¥ x ZL R 55 Yk B ' 57 i
() 1 BR43.0 mGy, &l % WA 1A 550 = AT
TELAEEIN . A EINE, 5HMFFDMAS
A AH L DBT RS A T3 38 I T A8 3 04 6 4 500 3
{HFFDM%% & DB T/ 12 Wi ZL I8 i 52 SO 25 4%
rr (81.92% vs 91.15% ) , {15 MR KR
ik, M—EREE Lok, LRDBTR A FTHS N
B GF E 8 /N T GE FFDMG: £ ] IR 2 45
i SRS, BT LADBTH AT e (15 e
(A . H AT A HAR TR FHDB T 1 42 &
R E A I e R, e T %
B P — 4 ML 5 % M FFDM ) — B 32 4 o
DORE AR AR U L IR G 43 500 153 2 DB T 42
FFDMEIG, WEFEMARRRE, RO
T ABET 12 W F IR o

AT IR, S 2 v 9 7L D £ A R R
W, BB LT L R AL 2 S ks A A5 B A
FLG LB kb ARG AR R , 3 T S A
FLG TR AR A A ML, TEECE AL
TR ARG 1 50% 2 T DBTHEA %5
ok /D> 2T 24k AR P SR S550 N A A5 B0 B L G v |4
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IR AR B G Bk o AR P2 74 FLU
(HRA3A4~, STH4T) , Hrire N hEUERZEL
Gy, ULEHDBTH A FLAME 12 Wi A R B
SyMT R R AT BE N DBTAS A — 2 R LA 22 iR
RS T, Endo%s ' BF5E45 i DBTHUE £
JE 10 25 S A2 S M HRAL X N STAL X DB T A S 2 [7]
AUCZERMEZERNER, ATOITITLE KRB
BEH—BOHER T, HRERZE S DBTE R
MR ST ST (13.56% vs 5.64% ) , JuH:
BAEEHMFL T (18.72% vs 7.00% ) , \NRSE
SR BE SR A B DB TH IR 4 2 5
APRE AN 22 R AR B 2 S 25, MRS A
KULFFDMA 2t F IR 2 E S W, 15905
et 5 i ] I 8 £ 4 B A S ST UL AT T B0
AR 12, DB W 44 1T ve AR AR 442 21
AR E RN, AR TR SR EEE
LB, BRATHBTFESE 5 B R HRZ LR 722
IRIZZALTST4 (2.91% vs 6.32% ) , DBTIHI%
AME L RHRZH 5 ST (3.49% vs 0.53% ) , 1
1A 7] WLHR-DBTHE T-ST-DBT, X 5Endo% "
IRFIE LS AT . BLAh, HRAEBI-RADSHETT241
Kappaft 73471 & FLHR 41 i Kappa B ik T ST-DBT
2 (0.61 vs 0.70) , WA FENE S 4 AT HRAL
[ FFDMFIDBTAE S (1) — 8 M 7RI T ST-DBT4H
(183.14% vs 92.63% ) , VI 4550000 5 STZHAH
It, HRZH " DBT4FFDMfIBI-RADSHI 544
ASENE IR, ZEATRALZWTLRE . IWi2RYS
DBT#SM R, AT LIS HR-DBTX i 25 12
ERPEIL T ST-DBT.

AWFFEARAFAE R BRYE, B ek T2 B
e i s e b i LR R B, R 28R R
PR R, ALY BB i BRaA A A IR S R
e, FBE LU B TAE R e ATEZ 1
RAws; ok, FEARgEEED, REBRA T
ANFE S 2 Wik e

M2z, FFDM%4 DBTHZ W &k e T
FFDM, F HDBT-HRI¥4DBT-STH A, JuHX}
FEEAA G, (HJE SDBT-HRAH ., DBT-STHJ
HBE I B R I L ) B, X RIS T
Ah A ifidr, MHRE XIS S IGIRIEAIZET .
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