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Efficacy of Helical CT in Evaluating Local
Tumor Extent of Breast Cancer

Yutaka Ozaki

Purpose: To clarify the diagnostic accuracy of helical CT
(HCT) in the determination of local tumor extent of breast
cancer.

Materials and methods: One hundred forty consecutive pa-
tients with breast cancer, including 87 invasive ductal car-
cinomas without extensive intraductal components (EIC), 44
invasive ductal carcinomas with EIC, 2 non-invasive duc-
tal carcinomas, and 7 invasive lobular carcinomas, were
included in the study. Three-dimensional tumor diameter
including whole extent was measured on HCT, and the amount
of invasion to fat tissue, skin, pectoral muscle, and chest wall
was estimated using a three-step scale. These results were
then compared with the pathological findings.

Results: Breast cancers appeared as areas of high attenu-

tients. Tumor extent was correctly diagnosed by HCT to within
a maximum difference of 1 cm in 88 patients (63%) and within
2 cm in 122 patients (87%). Sensitivity, specificity, and ac-
curacy in diagnosing muscular invasion of breast cancer us-
ing HCT were 100%, 99%, and 99 %, respectively. Sensitiv-
ity, specificity, and accuracy in diagnosing skin invasion of
breast cancer using HCT were 84%, 93%, and 91 %, respec-
tively.

Conclusion: HCT was able to visualize all of the tumors
and detect the correct tumor extent in most patients.
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Key words: Breast cancer, Computed tomography, Breast
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ation compared with the surrounding breast tissue in all pa- |
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BILHWON, FREFMHLENTHLY, AlkfteE
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(US), computed tomography (CT), magnetic resonance
imaging (MRI), single photon emission computed tomogra-
phy (SPECT), positron emission tomography (PET), digital
subtraction angiography (DSA) 7 EASH W ST & 7279,
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NTwizfl(n=6), UEER TP L SN ehro7H(n=
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SHELE, Thbb, JLEMNERZMED L VWEREE (DT,
JEFLENMEREEE, n=87), FLEMERZMHE D BREED LS
(ZIER MRS (DT, JLENERE, n=46), INEH 0N
=7)ThHs.

HCT% [\ 724152 - MMG - USIZ & A T4 OB iTiE
T1 255360, T2 %7260, T3 A4 H, T4bdH® 9 ffl, Tdch®2
I TH o7z,

BT 2 T 1213851 T21 77— V& W g
Wi MR IC & - T éﬂf_‘ 5'11 D @ 2 FHEIERAMFLAE T
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HCTIZBAGZIC T, fEEEH» bAHETERL L)
1 [B] DI Az 1k T (3’130)@] 1) 129008 SuperHelix, itt-;tx
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~3mm, 7 — 7 IVEELERE 2~3mm/sec, W{EHHER 2~
3mmlE % vy, &fllcIEA + vt 3 — FiE2#l (lopamidol
300/HA > = —1) > ) 100mL % J#HR & 1 3mL/seclZ TR
BEAL, 30 ICHEE MG L. #IRERICIZ2007—
Y 5emEOY— 70 —4#%Hw, ﬁ?ﬁﬁﬂfﬁ‘“ X1 fﬁlJ bhh
o7z, F7 1 PITHEMRE, 2 FTBNEOEREED L
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E?fﬂﬁtff TREEERDIEHTY & =R ITHIZEOR L7z, FERRIC
BIESEARARE D AT A4 ATRAEEFE ZNICETT S
ﬁ%ﬂﬂut.itM174Xyotw%ﬁmeﬁW®M
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Fig.1 Fat infiltration of breast cancer in a 54-year- old woman.
Helical CT image shows hyperenhanced tumor continuous with
surrounding fat tissue.

Fig.2 Muscular invasion of breast cancer in a 60-year -old
women.

Helical CT image shows bulky tumor protruding from the skin
surface. The tumor is continuous with pectoral muscle and ad-
jacent to intercostal muscle (arrow).

Fig.3 Skin invasion of breast cancer in a 59-year-old woman.
Helical CT image shows an enhancing tumor. The size of the
tumor is small, but the spiculated margin of the tumor is con-
tinuous with retracted and thickened skin (arrow).
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140671616113 FLERAF T4 (37X Tquadrantectomy) A%
T, 19BIXIE IR ASET S iz, FLBEFRAFTFHAT
FiAT S 72616 TIENESE A S FLEEA L [A15 ) MUCEZR T %
£ SmmEETeENTR Shiz. ILEDBRMTAHET S
727960 TIEHEH; & FLEH O HP R % i SIS FAT IS 1em B
T, WEDHE R F257% Shiz, [BEOFLEM~DLA
D, SNELERXTBHENY, BEFENOIELY HS=RTT
BoICRCER S Nz, F-FURAMIRRE - MaRs - ReiE - Mok
DFES ThETNFFM s iz,
%M

HCTDFAER LIREB I 2 b L, FLH#RIH ¥ 2HCT
DR BT HE R BE RS WT B % AT 4200 (AT L 72,

B/ R

EBEORE

140B1DEBNI BT, EREEIIEPIUR X D i#Edd 518
BELTEESN::. BEHEOKES(LEHDD)IZZFORAE
FETRTL1I0cmELTOL D114, 1.1~2.0cmH3541,
2.1~3.0cm#53%1, 3.1cmBl EA4161TH - 7.
L5 V) BB

FEBEDILATY) BT BT AHCT & BB AL & OEE DK
KAEIZ1.0cm B TH - 72 DAT88%1(63%), 2.0cmELHT

Ho7:bDH12261(87%) TdhH -7z (Table 1). 2.1cmBl B
KEHi L7-b DX 8 H1(6%) T, 55 6 FlLIIEILENERE
B, 2 BIIFLE PR TH 72, 2. 1cmbl LB/ L 7=
bDIX1051(7%) T, 5 b5 PUIFLEPEREE, 3 Flid/h3E
HTHoiz.

FLECIBRAT A B & 7 b 72796112 331 B M55 5158 i B e
DFHIETIE, FRZE1.0cmEAIA%6361(80%), F27#52.0cmBAA
H37361(90%) T - 7z (Table 2). 2.1cmbh L@ AFEAM L 72
DDIE3H(4%) TH o7z 2. 0emBl EBNEEM L 72 Dl
5H1(6%) T, FLENEBHEIGIE, NEE2HTH- 7.
EIE#E A Dk Rf2ED
1) BRI

HCT LBl S v | L HIlF S 7z 01310461 TH Y,
9 H100FIZFRERERYIC D IR & 77z, [IRIRER g
LHIF SNz DIE2261TH Y, 9 BI9BITIHIEFEIMIZH IR
%7287z (Table 3). CTHTRO[EEWV L LML T2
&, sensitivity, specificity, accuracy, positive predictive
value (PPV), negative predictive value (NPV)ZZHZFh
95, 53, 91, 94, 57% Th -7z, T7:(H ) U EEBHEE
TAL, FnFENG, 73, 79, 96, 30%TH-7:.

2) Kafh i

HCT L[@ffidEa ) L Hlf Sh7-0id 5 FITHY, &
BICRHAZMIC DR M 2 R 7-. [HRFR g & ks
NZzDEF26ITH Y, WEFNRLFHEEMNIZITRELED %

Table 1 Diagnostic accuracy of tumor extent of breast cancer using dynamic helical CT(n=140).

Number (%)
IDC without EIC IDC with EIC or NIDC ILC Total
over 3.0 cm overestimation 2 2 4(3%)
2.1-3.0 cm overestimation 4 0 4(3%)
1.1-2.0 cm overestimation 16 6 22(16%)
within 1.0 cm 58 26 4 88(63%)
1.1-2.0 cm underestimation 5 12 (9%)
2.1-3.0 cm underestimation 1 3(2%)
over 3.0 cm underestimation 1 3 7(5%)
87 46 7 140

Table 2 Diagnostic accuracy of nipple-tumor-distance of breast cancer using dynamic helical CT(n=79 patients who

underwent mastectomy).

Number (%)
IDC without EIC IDC with EIC or NIDC ILC Total
over 3.0 cm overestimation 0(0%)
2.1-3.0 cm overestimation 1 3(4%)
1.1-2.0 cm overestimation 1 4(5%)
within 1.0 cm 39 22 2 63 (80%)
1.1-2.0 cm underestimation 2 4(5%)
2.1-3.0cm underestimation 2 4(5%)
over 3.0 cm underestimation 1 1(1%)
46 29 4 79
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Table 3 Detectability of fat infiltration of breast cancer using
dynamic helical CT(n=140).

pathological diagnosis of fat infiliration
Helical CT positive negative
positive 100 4
suspicious 19 3
negative 6 8

Table 5 Detectability of skin invasion of breast cancer using
dynamic helical CT (n=140).

pathological diagnosis of skin invasion
Helical CT positive negative
positive 12 1
suspicious e 8
negative 3 112

o7 (Table 4). CTRTR D[V L ExHEHEET S L,
sensitivity, specificity, accuracy, PPV, NPVIZZhZh
100, 99, 99, 71, 100%THo7z. Tzl L Lz ik
ETBRE, TRTIWTH- .

REEM G RE D o 72 5 it 4 FlIIREZ TR
KiTTRE Th o 7245, BB L 2BEMED 3HlH o 7.
3) B

HCT LM ) | L HIF Sh 7201381 TH Y, )
B 1260 REREAYIC D RE E RO, [RFRERE-] & H
rEhznRRETHYH, b4 FITIREFHICHOREZ
Zw7: (Table 5). CTHRRO[EEWV DL EEZHBEE TS &,
sensitivity, specificity, accuracy, PPV, NPVIZZNZh
84, 93, 91, 64, 97% Tho7z. F/z[» Y I EEHHEE
ThHE, FRLEFNG63, 99, 94, 92, 94% Th o 7.

TR EE O & - 7219619 1 1 Fl AR lES TRRW
TX, MBI L ABEEIE 1B o7, BT
BiCXLh o7z 8Bl 5 FIIHCTIC X ) Wi T & 72A°HCT
BIEEw UL L2 35 L o flDBEEEZZE L.

4) R

HCT L3 as ) L s h-0id 1 6ITHY, 9
B BlICREEMNIC S RE RO, [HERREEE- ] L)
BrEnzni31fITHY, HEENIIIZEHEZZO Do
72 (Table 6).

FRHEN I RREEOH o7 1 lIRMZ TOLBHTE
7S, 2L A BHEED 16lH o 7.

zZ =

IR IREEE (ALF IR T + AT MBS 50Gy) TR HIFL
BRI B G £ L T19804EfLIZ L iz s TLL
s, REIZERLTEVY, LEBFEFHOMESL L

SERK 134E4 A 25H

Table 4 Detectability of muscular invasion of breast cancer using
dynamic helical CT(n=140).

pathological diagnosis of muscular invasion
Helical CT positive negative
positive 5 0
suspicious 0 2
negative 0 133

Table 6 Detectability of chest wall invasion of breast cancer using
dynamic helical CT (n=140).

pathological diagnosis of muscular invasion
Helical CT positive negative
positive 1 0
suspicious 0 1
negative 0 138

T, SLEYIRRM & T 5 &, WHREH % T L EVEE
ORITBERENE VI EBETONEY, ZhIIFEOERE
HROBHTH A ILEPERER/NERICB VT, AR
BTYVES T 714 ELARAETELRVWREN SV OHTH
AR Lo T, AERFFMIELONATVLEE
ZBWTIE, M ERZEEDOLN) 2BBT 572012
SO AMIETBMPLEERD.

FLEICHT A 3ERCTIE, 1970 BEPCIEEHOE
BEAWTITobEDTEY, A7 4 AE10mmTHE S
n, EEFES D SHEEETTRbA TV EDLS
F, FLBEOBHTITBT82~97% & 5\ sensitivity & 7R L T
V510419 Chang &' 1dEH% DCTZEE T b DGR E L
DD, FOHDBATERCTIZ,

O REHOEFFRETHL I L

OF 1= 5 v 2 ea

® 4 4 M3 — FEEHORIER

@ BEERO»»HZ L
HERL— I HVWSNR L RoTwnio 28 L
L, 19964 |ZHagay 5" 13 ILEIRFEER D BATHER D
flilz AT 4 AE Smm®DEFCT % >, sensitivity 91%,
specificity 85% DIF ik % e L7z, Z D DO H THagay
513, BN HRE Z50Gy DR IRE % Z1) - BERICHRE
L7z TCTOHBMEIIMEIC bbbl T W
5. F20%ERT O FEREICH,

QA A I — FEFHEHVEZ EICE )EWERS
BEETT 5 Z L (SRORETT b 1406+ 3 FlICEED
BIE %280 7-0DARTHo172)

@AY ANAF vy > DA L) REE 2 MFERF R O 8
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SNE DRI 22T 570, HIRGROMEZERT
EBHIENH, bUDIUIHCTIC & 2 I OHERHPH S IF
ERAT. EERF A S I EPEREOFEIZBE T 2HCT
@;EE%:[&L 19},20175§ ﬁiﬁ.éﬂé fﬁ’ ii}%{?ﬂ@%b\ 7"137(4\“7
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bRbNBECBEHELHL I L L, EREDNARE
WMETRLLTDE S g 7075 L Lh5F 72,

@ EMARFEDI LD DN T 4 AE L, i
FIRL/NE LT 5.

Q@ NEFHDOERIRRATARE 2 B L5, EEHEF—
7 AEAT B,

® BRI & MR MO 720 b A & Bbh
B i IR O AT 5.

WixH DK E S QmmE) 22 5 L MEHES 7
L, 3EWMANC & B BMMAE A RT & 10k 592929,
FRO B AREFZHMENRAL, A & MEN G- % 57
URIZBZ 226N TEY, ZhigAIlzTaRED
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Tsurumi 52 [ LEBIRTEDSA (81%) D13 5 HHEHHIREDS A
(64%) & 0 b FIMOFIEBWIEDS WMo LTHY, &
NOERKOREZIZLIZ2bDEEZONE. 7,
MRI?-28) CT2-14)17) % v 7 ZUHE 0 3 o R SR 1 B 5
BHFETH, BEZ & CRET 513 EFUEBH Dspecificity
(X A% Disensitivity [ FAT5 L ShTwa, #2Th
NDOIIHEIR & 0 ERHEZR—-F RFEATHIEE L,
FIBRFUIR & 1) & 56 < &5 S A% TR & HINT L
7,

TERCRE AR LB, M X wshidd 5
bOD, LR BN CRIHE TS % 139 Aispecificity
DEVRIEL 259872 THAH. BoetesH? I ¥ 1+ 3
Y ZMRITKEIRDSHEH SN THhS11L5BUAICEF s
5L EEIMEDERINY — YTl W, L) o0
KT 2EHE T 55 sensitivity (95%) & specificity (86%) %7k LT
V5. Hiramatsu 5"\ bivbi L[] L AEME & i A RE
TH0REA & — b EFRH L TV 298, S BaRASE <
2% Especificity S T 455 Z L AT ENL 720, bhvbih
23080 LR Z A L 72,

T2, TEHLRINSLERELIERT 201225 4
AR < (2~3mm) L, BREHEH S BMFLEICRE L7,
PRARALIZREEAGL 12 ) ASIRAGBE D 7 < 2 ) FUIE & g
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@ FMANER DR ESESHTH Y, EROF A FIC
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AR 2 & 53 THCTDFUMEIZA T Bsensitivity 13, & T
MRITHE?- 283030 KM T\ 588~100% & il LT s
RS Lo s Bbh s,

JRASY) WS RE L 3 il TR KA 1emBLP92%563%,
2emBLNA87% TdH 1), NEEHFLIEMI MM D 327% 1cmBlPI80
%, 2cmbLM90% & A% D5 TdHh - 72, Akashi-Tanaka
52IHCTIZ & % FL#E Dextensive intraductal component?
LAY ) BBHTIZ BT, 36/44(82%) TRAZE 1embAPY, 42/44
(94%) T 2emPlNTH o 72, LWEL TS, 4ED
BET TIRALENERIE DAL & THEHEEROILATY % 5
L7272 b HglIC T & s, FLEOIRDT) WAt
HHCTDFEEEATE\ Z & ASAkashi-Tanaka 5 Dt & AR
AERE S, '

W/ NEEA (P PatE) DB b RFEE E LT, FLENEREIC
RS ImmELFREEE /MRS, DB VD&% S M
ERZLWZ EDS, IHEOMIBIZRAND 722 L A%
FoNs. FEEE2. 1em Bl B/ L 72 5E6 (n = 10) D% <
&, GO e FUE PRI ATEMIZ B o 7 JER (n = 5) &2
MANFEREAED] (n = 3) (Fig. 4) TR SNz, F 72/ a1,
BcEZ s, BURBRL OBENFRETH S 2 &L 25
HEOINTBY, WREHHIRESELZHHT 5 DICR
WY T o W REMEAH 5. BOTHITEAEH (BB ) S h
ZHEB (n=8) DELKFK & L THEWDILIRICBIT 2 5EE
L7 (n=2)RPAFET HIUIRIE (n=3), HHELRAE (h=2) (Fig.
5), FLEME(n=1)7% ERMAEREIC L 2SR 2 B
BELHEZ LI EIBITONE., ZhETIZREHIIEY
EHRRERTIEDH H RERBA L L TILIHEES 2,
myxoid type*°grandular type DFHAEIRIE?- 131718 apypi-
cal ductal hyperplasia'”‘ 14},201, ;?Lﬂ%_ﬁﬁm,zn}’ Hg%%m. |4}, 1]
YREIV R EPREESNTB Y, EEEEHREOATHRE
HEERENT 5 2 LIIZRAHYH B LB bhsz, $72, Chang
LWRE IO T 2 F YJERIF 7047 X 70 v HSgEEn
FEAFLIRAD I — FEEMIRZ 270, A& 18I
CTEHEATT RETRVWERELTBY, AEONRIER D
i, AR & o THROMEE % 5 LI { VR
HEINTVWLRELZEZ SR,

DS A TN A B &, IEFVEPHERBRIZIEA ) BT
BT BRAEIVNE {, — A EPNERTER/NIERE 138/
LA TH o7z 72721, FEFEPERBIIMEROL
FRSWIET S H 2 REILA) BRI TH Y, HCTRH
e 52 DFHEFEGEIZ, & LALENEREER/N
W L EHITEZ TS,

JEIPHALRE A~ D W RALFEL W T1390% % 8 2 D accuracy H*
BoNT. FREN % BRRARRE LIRS b A 7 < Akt
Ll b7z, specificity 7z & UIINPVIEFNZE153% - 57%
A o 72, TRl E O ETHROLEELS R END
L3 AR ERMEIC 2 e Bbhi:, 28
REOFHIE T, [F P L2 Btk +2 & 9 BlobETE
A L7z, HCTOREATEH12 HRTICERA ThhTnizZ
ENBEED B LER & BmE X ShAs, B e

HAER S Be1% H5%5
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(B)

.. Fig.4 A 53-year-old woman with underestimation in evaluation of tu-

mor extent.
A: Helical CT image shows localized enhanced tumor of 0.8 cm in di-

. ameter. No other enhanced lesions are observed on the CT images.

B, C: Pathological examination demonstrates not only the tumor detected
by CT (arrowheads in B) but also small scattered tumor cells (C) in the

" entire resected specimen. Pathological diagnosis is invasive lobular

*%" Y carcinoma. (hematoxylin-eosin staining)

FNPANOFEFTHEED SHCTE TOMMICEIT R, £
BREZPEREELRL LD 2HDATH-72. L
5, R WRE TR TRIASZ L IEE L M YR L
TRAZDDM=4)%, FLEHI I — FEFANCL VIR

b % < EFEN D072 [FRER T OB REANE AR <
N7b0(n=3)DIFH D% h o7z B IiGR T H
STHSWRBEN R - 7205, HCTEfAM+ 2 2 L&
D, FZeBITEORMEETRTCEL. T2, M- K
FiEEE b [B D EEBEETEE0[H Y L EZE
P& L7213 9 DSIES DA L2z 0 USRI D 4 7% v
WRRE IS TRAEE B %) L SR L TR
BEEEE LTV E BRI,

IED RATEREZR %179 BRICHW S WA MOEIERS
Wiz L LT, MMG, US, MRIZ & 5. MMGIZAKILDE
HEEARE L A2 ) ==y L LTHHTH S, dense
breast T E 2 HIRILD A S Nz WIER Tl EREFFAD[F
ED IR S THIEBWATHREE L 2 57.19.20 HCTIXZED X
3 7256 (Fig. 6) I BV THRAUITBVWEEZbND, /2
USIIIEERATH D E LITZ B, MBFICLBEITREW
LW REDDH B0, SRERE L RER £ TIC
MMG - US & b iiFT ST WwWizds, Zhb & oEirstid
DS IR AT\,

MRIIZ4H%Z L Difigk CHWONE X )12k Y, ILEH

TR 134425 H

(c)

HafsvbhilEhTwa, & L& VWMRIOZHTEE I
VWBIAS JERZMRI Dsensitivity 388 ~100% & 7 <, specific-
ityl337~97% LRI & Y EDH B3, AR - F
EEE, H R =Y A8H L b ICEENTOIREAB)EIXF
LeEZLENTWAS DT, 225K S FED
[ L ChTEEMGERZEIZB\V TIZHCT % v 7 fEt L
FIZABOEREPEONL D EEZ BNA. MRIE L
L7:B, HCTOEFIIRAERMIE 2 & & FilriF L[ L
LML CITR A HICH A MRITIEREHIA VWD L
JEEME & 72 3). MRIAS0~500FEE & Ak AR\ O
1AL, HCTIZ S PRRETBI &) T LASTE, PR
EDONZ S FATTRETH AW, — T & LTI, B
BWRASH BV-19.19.08 L LR L7z k9IS, #REE S
Bl OME O & 5 ISR RE T UEZ 0/ B> S /F
BENBIDEEZOND,

w &

A OMHT R AT HEREEZ W ICHCT & A VRO MR = 75
Tz

Q HCTE TR TOIBOIFEZM AT TH - 7.

@ FIEDILAY W, NESFLIEAMEEE L b 128 9 HATR
#2emBNTH o 7z, BNFHEORE & LT/
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(A)

(D)

(F)

Fig.5 A 51-year-old woman with overestimation in evaluation of tumor extent.

A-C: Helical CT images show enhanced tumor with irregular margin. Strand-like enhanced lesions (arrows) adjacent to the tumor are
visualized. These were considered intraductal components of breast cancer.

D: Helical CT image obtained slice 2 cm caudal from C. A small enhancing lesion is visualized, which was also considered an intraduc-
tal component of breast cancer in the preoperative CT diagnosis.

E, F: Pathological examination demonstrates invasive ductal carcinoma with intraductal components (E) and a fibroadenoma (arrows
in F)corresponding to the small enhanced lesion observed in D. (hematoxylin-eosin staining)
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Fig.6 A 43- year-old woman with MMG undetectable breast cancer.

A: Mediolateral oblique view of mammography shows dense, inhomogeneous breast tissue. No definite tumor shadow or
microcalcifications are observed.

B-D: Helical CT images show multinodular enhancing tumor occupying the upper portion of the breast. Pathological examination
confirmed invasive ductal carcinoma with extensive intraductal components.
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