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Evaluation of Enhancement Patterns Using
Three-dimensional Dynamic Contrast-enhanced
MR Imaging in 209 Cases of Breast Cancer

Tomoko Kuwada', Mitsuhiro Tozaki?,
and Junta Harada"

Purpose: To evaluate contrast-enhanced patterns using three-
dimensional (3D)dynamic MR imaging in 209 cases of breast
cancer.

Materials and Methods: Three-dimensional dynamic imaging of
the breast (1.5-T scanner) was performed in 755 cases. Of 227
breast carcinomas, 209 cases that were histologically confirmed
were enrolled in this study. The histological diagnoses included
ductal carcinoma in situ (DCIS) (n=12), invasive ductal carci-
noma (n=176), mucinous carcinoma (n=10), medullary carcinoma
(n=4), invasive lobular carcinoma (n=6), and other (n=1). Tu-
mor size was a mean 24.6 mm in diameter (range, 7-110 mm),
including 110 cases of small breast carcinomas (<=2 cm). The
contrast-enhancement pattern was analyzed from the early phase
of 3D-MRI and the post-contrast T 1-weighted SE image acquired
before the delayed phase of 3D-MRI. The type of peripheral en-
hancernent (PE) was evaluated on the early and delayed phases
of 3D-MRI. These enhancement patterns were also compared
with the histological findings of small breast carcinomas.
Results: The sensitivity of the 209 cases of breast carcinorna was
99% (207/209) on 3D dynamic MRI. Two hundred six cases (98.6
%), including all DCIS, showed strong enhancement on the early
phase of 3D MRI. An increased washout pattern showing signal
intensity lower than that of fat on post-contrast T1-weighted
imaging was noted in 201 cases (96.1%), of which 179 cases (85.6
%) showed washout patterns. PE was identified in 63 cases (30.4
9%)and in 35 of 110 cases of small breast carcinoma (31.8%).
Delayed PE following central washout was noted in 65% of 63
cases and 71.4% of 35 cases of small breast carcinoma. Delayed
PE was well correlated with marginal fibrosis.

Conclusion: Three-dimensional dynamic MRI of the breast was
highly sensitive for breast carcinoma. Delayed PE following central
washout was considered a specific finding of breast carcinoma.
It is important to understand the enhancement patterns of 3D
dynamic MRI for excellent specificity of breast carcinomas.

Research Code No.: 521.9

Key words: Breast cancer, Dynamic study, MR imaging

Received Feb. 9, 2004, revision accepted Sep. 13

1) Department of Radiology, The Jikei University School of Medicine,
Kashiwa Hospital

2) Department of Radiology, The Jikei University School of Medicine

RIRIEER%

T163-0804 WMEIBHTEXMEAE2-4-1
EmEJHEAMREELES FHENSELIUZ v o
A #F

NIPPON ACTA RADIOLOGICA 2004 ; 64 : 544-551

XE HH

A

2) KRR S ER R B

[FU &I

FURMRIO B9, @0 RENOEN (Hr9H) & 1
WEOIER Y BN KAl s n b, WETIRIABBEFEMOE
KiZE 2w, FURMRIDERENIEICFIBOILATY I
H5H. BHlLIVENERORHHE B L L2 E S HEEMRI
WAL o TWVBY-O LhlL, XBIVYEFXS 7148
HE B AE TR REE S EFI R, MRITEARFER
NBIREEEPFAAET 2720, REHOEI OO 5 A
FIvIREIIEREEZD.

¥4+ Iy JMRICBWT, FURIER O P18 GE 2
peripheral enhancement (UL FPE) [ E AT R IZISEAY & b
h, JIEOMEFEOB A, SHHINTVED: 8,

Al b b IUTFHE A L TThree-dimensional gradient
field echo (3D-FE) £ % V27244 + 3 v Y MRIZ{T\v, ¥
BRI HERS SN FLE209B1 D& 8 — o B X U
PEOFIIZDOWTHA L7z, & 512 2emA T ORIAFLAEIC
DWTH AR ITRET MR 72D THRIET 5.
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19954 2 A %*520004F 5 A F TIZFLIEMRI H5HAT S
72755610 9 b, FHEHARSA AR & BT S h 722276112
DWTHRET 21T o 72, AT baa#E 475 & motion artifact
X BEEABRFZ B L2200l 35 b Lz, FDOHER
(&, 20861, Bk 141, F#26~-85i% (F453.35%) TH
=72, FLAE209M ORESFEIZT ~110mm (F3)24.6mm) Td
N, 09 B110802% 2emPFELLT DEBIFLE TH - 72, 209
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Table 1 Enhancement pattern and histology in 209 cases of breast carcinoma

Non-invasive Invasive
[ i T - Total

attern Ductal carcinoma in situ Ductal carcinoma Others .

n=209 (%3)
n=12 n=176 n=21

A 1 1 < 5(2.4)
B 1 17 4 22(10.5)
o] 10 157 12 179(85.6)

D 0 1* 1(0.5)

E 0 1 1 2(1.0)

A: 3D-MRI (early phase) shows strong enhancement; post-contrast T1-weighted SE shows almost equal intensity to fat tissue.

B: 3D-MRI (early phase) shows strong enhancement; post-contrast T1-weighted SE shows lower intensity than fat tissue,

C: 3D-MRI (early phase) shows strong enhancement; post-contrast T1-weighted SE shows definitely lower intensity than fat tissue.
D: 3D-MRI (early phase) shows slight enhancement: post-contrast T1-weighted SE shows definitely lower intensity than fat tissue,
E: 3D-MRI (early phase) shows no enhancement; post-contrast T1-weighted SE shows no signal change.

*: Invasive lobular carcinoma
##: Mucinous carcinoma

TREEEELCOICBAIEDADRE L L. HehE:
1%, 9 T1EFMERZ (spin echo %, TR/TE/excitations |
500/23/2, FOV 220mm, ¥ k') v 7 2480 %256, AT 1 A
& 5mm) ##f% L7z, KkiZ, Gd-DTPA 15ml% iR & 3ml/
2 Tholustk5- L, AHEAHEK20mIZiEAL, 3D 1 F
IV T AFxY rehdt Uiz, Wf%/39 A —# 1%, gradient
field echo: T, TR/TE/excitations = 35/9/1, FA =40, A7
A AE12~2mmé& L7z, EHHEEZIL FSA M-S
M2 R BAMETR0TPIZ 72 B & 9 ITHIEBAIAS 8TV R 12 3 A
DEAZAIT, EEIDEMMERSE L. 72, ARG
£ 757 8 BERITIERT AT BETE GESERE) 8L,
11~ 1353 ER3DBIEM T HRIZ L 72,

3. @EIHE
DISEDOERINY —
WRADFHIRIC TR EBEL, S5IEKESEEE
BT 2 ECEEMREZLTORDONY — 212558 L
7
A [ ERIDRYIM TV SRR E R0, EESEE TR
CIZIFLETHEL LOT.

B ! ERBDEIH TRV IR R R0, EESEBETH
LN RRBENMETHEL LOT.

C ! EEI3DEHIM T &R % 80, EHSERE TR
L DL PIRNEFIREZ LT,

D ! E3DEMATH ERR R B, EHSEE TR
LVHLPIENESHREL LOT.

E ! @ER3D RIS L OEMSEETHEEMEZHD 2\,

2)Peripheral enhancement® % A 7 & i

TER3DREIM & RIEAE D> & B0 O 1% (% (peripheral
enhancement ; PE)D ¥ 4 7% P TFDIT L { 324541,
Z DWIARLEMRET 7.

% 4 7 1(early PE with central filling) : F-#fii75 5PE% 7%
O, EHEA TRES KD & FLABEREI RO S, i

ERK 16411 A 25 H

BEEDEFIEH R BbD.
% A 7 2(early PE without central filling) : f-ii#i7 5PE%
RO BY, FEEEMTS hLE ORI REIED Sz v
D,
% 4 7 3(delayed PE) . FHAMCIIIEE A 58S L, [EE
HLE D washout STHED 72 D | B IEAH CrimiR O ge % TR
b o,
3) BIAFLAEIZ 317 APEDMESE & i B g

BAE 2em T OBMFSE IOV T, PEOHERE 20
5 4 7B X UREAMEER S & OMEEICOWTHRET 2
To7-.
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1. ABOER/NR-—->

TEHZ3D A & ERSEEDER /8 — % Table 1 127k
T, EEIDREEIMTIX, /%5 — VE2 % B {207 h5 1
WFE D, TOHIEFIT9.0% (207/209) TH 7. D
D BEFICH VRIS R E IR L7288 — VA, B, Cl3206]
(98.5%) TH o7z, HEESEETIEIENG L A%EDNE5tHmEL L
BLINY - VAT S HI(24%)TH Y, FONRIZIERHE
5 1B, B 4 B0 (FLERE 1, KGO 3) Th o 72 (Fig. 1).
72, BEh & VIRWESSREERZ R L7288 — VB, CiE2016]
THY, £nEN10.5%, 85.6% TH -7 (Figs.2, 3). F
7z, X5 =B, CORIEMMANIIHZERELF, RiE#E190
BT o7, EEIDEYHTIHERDEE LD LIz
— > DIZ141(0.5%)TH Y, 25mmBEOBREENERETH -
7z (Fig. 4). EH3DRIIHTEEMEE T o2 B Lho
72238 — VEIZRIEE 2 61(1.0%) TH Y, EFESEEB LU
TERC3DEIEA T ORI E R B e d o7, IhSIEFN
FN10mmAZE & 15SmmEOBEPEALEE L K TH - 7-.
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Fig. 1 Pattern A.

k]
A 43-year-old woman with mucinous carcinoma.

A: Axial T1-weighted MR image shows low-intensity lesion of the left breast (arrow).

B: Contrast-enhanced 3D MR image shows strong enhancement of the entire lesion in the early phase (arrow).
C: In the contrast-enhanced T1-weighted MR image, the signal intensity of the lesion is almost equal to that of fat
tissue signal(arrow).
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Fig. 2 Pattern B.

A 48-year-old woman with solid tubular carcinoma. A ‘ B | C
A: Axial T1-weighted MR image shows a low-intensity lesion of the right breast (arrow).

B: Contrast-enhanced 3D MR image shows strongly eccentric enhancement of the lesion in the early phase(arrow).

C: In the contrast-enhanced T1-weighted MR image, the signal intensity of the lesion is lower than that of fat tissue (arrow).

il||1l

A 42-year-old woman with invasive ductal carcinoma. A ‘ B ‘ C
A: Axial T1-weighted MR image shows an intermediate-intensity lesion in the medial aspect of the right breast (arrow).

B: Contrast-enhanced 3D MR image shows strong enhancement of the entire lesion on the early phase (arrow).

C: In the contrast-enhanced T1-weighted MR image, the signal intensity of the lesion is definitely lower than that of fat tissue (arrow).
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Fig. 3 Pattern C.
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Fig. 4 Pattern D.

A 66-year-old woman with invasive lobular carcinoma.

A: Axial T1-weighted MR image shows a low-intensity lesion of the
right breast(arrow).

B: Contrast-enhanced 3D-FE MR image shows slight enhancement
of the entire lesion on the early phase (arrow).

C: In the contrast-enhanced T1-weighted MR image, the signal in-
tensity of the lesion is lower than that of fat tissue (arrow).
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Table 2 Type of PE* and hisloiogy in 83 cases of breast carcinoma
Non-invasive Invasive

; P . Total

Type Ductal carcinoma in situ Ductal carcinora Others .
n=63 (g/l)

n=3 n=54 n=6

1 13 16(25.4)

0 4 2 6(9.5)
3 2 37 41(85.1)

Type 1: Lesion shows PE on the early phase and central filling on the late phase.
Type 2: Lesion shows PE on the early phase and no signal change of the central lesion on the late phase.
Type 3: Lesion shows complete enhancement on the early phase and rim-like enhancement following progressive central

washout on the late phase.

PE*: peripheral enhancement

2. Peripheral enhancement® % 1 7 & S8

PE% %728 0132074196361 (30.4%) Tho7:. PE¥
B T2FIDIEF Y — Vi TFhb 8y — VB, ClzéF
NTWiz, PEDY A 7 %Table 212777, A SPEX 32
0, BIEH CHLAIHEIEI DO SN L ¥ 4 7 1 1216/
(25.4%) (Fig. 5), FHH2SPEXR SN 525, JBIEHITD
ROERDOHEEBRATED SNy £ 72136 61(9.5%) T
»H-o7:(Fig.6). 7z, BTG EA YL, SBUEA
Twashout|Z X WPEZ/RT ¥ 4 7 3 134141(65.1%) Th -
7= (Fig. 7).

3. RHALIEICH T ZPEMEE LRI/

2emPU T OFINASEL10BID ) LPEZ R L 735610 % 4 &

FHE 16411 H 25 H

ZTable 312789, PEDHBIERIE31.8% (35/110) & L9209
BIOPEHBR L AZIZFEECH o 7. 358D ¥ A TR D%
EE AT 126 BI(17.1%), %47 253 41(8.6%), ¥
T4 A4 7 35%2661(711.4%) Tdhotz., 47 11d6BIFT~<
THEREFETHY, 209 b 4FOILEED S £ 2 HlILHE
B\ TR B IR L % b 72, 580 o 2 Bl
KR TH Y, PRBISHTESRATR & W2 o iz JEga o
MREZ B ATV (Fig. 8). #4 7213381k bRk
AEETH D, Wb EEIRI TR R 2
ML, BFbd L OIEIEE 7 (Fig. 9). % A 73 122661
THY 2 FINIEREME, 24B125R 8 FLEHE) THh - 7-.
EBI DB O B, MBI M TR 1 R
9% B 7= (Fig. 10).
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Fig. 5 Type-1 peripheral enhancement.
A 48-year-old woman with mucinous car-
cinoma.

A: Contrast-enhanced 3D MR image shows
peripheral enhancement of the lesion on
the early phase(arrow).

B: Contrast-enhanced 3D-FE MR image
shows central filling on the late phase
(arrow).

A B

Fig. 6 Type-2 peripheral enhancement.
A 47-year-old woman with scirrhous car-
cinoma.

A: Contrast enhanced 30)-FE MR image
shows peripheral enhancement of the le-
sion in the early phase (arrow).

B: In the late phase of the contrast-en-
hanced 3D-FE MR image, no signal change
is evident in the central lesion (arrow).

. lf,’ A ‘ =]
&i* L e ' & ‘-

. d ' Fig. 7 Type-3 peripheral enhance-

ment.
A 42-year-old woman with ductal

- d carcinoma in situ.

il ,’.\ - ,A"’" A: Contrast-enhanced 3D MR im-
," L R— age shows enhancement of the
’[ ‘?L" ) entire lesion on the early phase

(arrow).

B: The late phase of contrast-en-
hanced 3D-FE MR imaging shows
rim-like enhancement following pro-
gressive central washout (arrow).

y BRSNS IR EREARHBE L 2 5 RN H BN 10, L
fn L‘i]:l'}” A+ 3y 7RIS X D IREGRET R (TAI L
T, NERAFRTHIEFIROLHBEICXNTELEEZ
Lila,
DT A F 3 v FMRICBWTEIIEREZ R EY
MEFEOBEFLIZ L) Ly 2RAMTbh T3
012 g Ao 3 BEVERES I A R AR R Sl R - A S E R RE 1 2



ZH mT 24 549

Table 3 Type of PE* and histology in 35 cases of small breast carcinoma

Non-invasive Invasive

tal

Type Ducral carcinoma in situ Ductal zarcinoma Others To ac
n=35 (%)

n=2 n=31 n=2

1 0 o 6(17.1)

2 0 3 0 3(8.6)
3 2 24 0 26(71.4)

Type 1: Lesion shows PE on the early phase and central filling on the late phase.
Type 2: Lesion shows PE on the early phase and no signal change of the central lesion on the late phase.
Type 3: Lesion shows complete enhancement on the early phase and rim-like enhancement fol lowing progressive central

washout on the late phase.

PE*: peripheral enhancement
*#: Mucinous carcinoma

Fig. 8 A 48-year-old woman with mucinous carcinoma.
Type-1 peripheral enhancement.

Histological section shows mucinous carcinoma including tumor
ducts in the central region(arrow). In the peripheral regions,
invasive ductal carcinoma is observed (arrows).

BT 2 MEDONEICER SN, INAM/NMILE OB %
RLTWBESINTWE, 4EOKRFTIE, 3DV F 3y
ZMRIDF TR EFR R LR L% — VA, B, C
DIMEIZ98.5% L ®mHETH Y, RIS D Bl
VIR AR L7z, 20206610 b, 2016388 —
B, CTHo/:. TNHNE ITEEA OB LTI E
Ex o, FEEMILYSH S h - MEMmEE T2 X Y B
MM E ZBEDOTTHES L VKRR AL B = 5 7
0, BHOMAIERSE & BB ICBE) L2 EEA 0
LOTHEE LTHiHEhibnbELLLLY,

FUBRDF £+ 3 v ZMRI I2BWT, Fischer®Teifke & |
&0 BEIOMIEGAE & washout DFEFE R 2 3 7L L, $&:
DM L B BEHEOSEIITHOATNEY. 19, bhb
NAAT o 12BN — VR TN OB FICH TidD D &,
FHADBNRY L 3% — VB, COMAEHETIZ6.1%7°
BUOFENE 25, 4N RUEES & OB T> T
WA, SRR & washout D TTHEIXFLIE IS B ICHL S
NHEFREEZ S,

SEETHRNG L FSDEFMEERT /8y — v ADM
MENZ, JEREE B REE4BITH Y, 55 3 FIAH,

SERE 164511 H 25 H

Fig. 8 A 47-year-old woman with scirrhous carcinoma.
Type-2 peripheral enhancement.

Histological section shows viable tumor tissue with fatty infiltra-
tion in the peripheral regions (arrow). Tumor necrosis and hy-
alinization are noted in the central zone (arrows).

1—'5' :.l :J_- ' 3 ARt ¢1 b ! I..,’,__
Fig. 10 A 47-year-old woman with inva
Type-3 peripheral enhancement.
Histological section shows medullary proliferation of the entire
tumor (arrow). The outer margin of the tumor is surrounded by

a thin connective tissue layer (arrows).

sive ductal carcinoma.

BHETH o7z, IO Ry — 2 L EZ SN,
BB EAN DR 2 A OBE & KL T2 L2 5
N5, WHRRG S5 — 2 (T R BR MR OB L%
7% REWEAERS, WEREORVEHEDS X OV
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WT b HASNIFLENRS OB E 2RE T oR g
Ny — OMEESHZ T AZ ERIEHLTEY, Zhid
FUEROFEME D SR L EEH 0L E R E~O
BELBTICEB L LTS, Wy —VDBIUEICHELT
1, RN RE BT A SO AENE OB ETE A
EwizbEZz o, bUbhOFERETH 3HDH L 24
RS &N TH o 72,

Peripheral enhancement|ZEHERT L & L TOFERIEDTE W
EINTVHH W FHIIHMEIRIE, TRIERIE, ZURRZE
EORMHRETHRD SN S 9, PERRTHEIL16~65
0 LUEATL L, B TE27~30%THLLHMEEINh TS
bON% . PEORHENFHEIZL > TRE SRR HDIE
WIEEAFCBITBIWAY —2 T VA, B{EIUERFRE, ¥
T NI A XHOE, T M EOHRIC X Y &R
BLHROGHLOFESHRLRLZ L ENEZONSEY, 4
DT TIIREHED R % 7230 - L2078 B\ ) ZPEDMEE
i$30.4% TH Y, HEROHELZIZAETH 2. AR
2emPL T ORI OBRE THPEDOHHFII31.8% TH
D, FEEEOPEOMBIZE L IZIZAMTH 7. & HITPE
DI A THOEEIZBNWTHHEU LR TH o7, Th
(LARRRAR LR M HTAEAT 2em L T OFLE T H BEICHESE S
TWwhEEZLNL, B OLVIIRMARFDO I A FIv 2
TEFEMRIE A OS5 4<% % marginal strong enhancement
type £ non marginal strong enhancement type (24317 C, HE
BIEPE L ORE LG L, MR A AER0E TR
<, TRV EDERPLHESNTE Y 2 4
(LB T EMERESE N E ShTwaY, iz, B
FLAEZ BT b FESE ORI R (15/20) 1A T DR
ERMEEEIRDLNTWEY, bhbh O Tl
2cmPA T ORI BT EHASIRMEL, W, 8
REORLDP T TIZR oI, EELEDHFMEEREHLE
WD EREMNTBERTH o . BEICEREEIRT Y,
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BRIEAH THULERDSEV I LEIR L 724 4 7313, FLH63H1
D65% % i, 2emD T ORMFLEIZBVTH743% 127
niz. Iheidwnihnd /iy —-UB, CIKALATEY, /3
¥ =B, CTH 473 THINIFMOWEMEI T EE X
bNb,

AElbivbiig, 3D 4 F 3 v ZMRIZ L 1 FLEE O
IZB W THE\sensitivity D3 5415 2 & Zretrospective | ffE
WA ENTER. LoL, oML EE L 723D
ST REIEEEIC R 5. 2O EM & B
OMICEMSEREF T L, The By s & Clgmimg
DIR S LY - ERET LT E L BIAETIIMREEZR D
HAffpasgsic by, 3F I 0EH - BoMesiREsiE L
o TETV A, T2+iFfirst-pass perfusion MR, ZFLIR
Je 3 MG % & V) SR S L, T1-dynamic MRIX V) &
HIZRTREDTE iR S TnB2: ), F7:, BREAD3D
spoiled gradient-echoi% & V> 72 f558 - #OHfRES 1 F I v
2 MRIDA ML HMEE SN TB Y, FEMaEiED M) A
5 T2 5 first-pass perfusion MRI & #lAEHE5H 2 L O]
RS RSN T WA, BET S FURMRIO 8 Y] 2 P
WL SN TO WA, G572 L RGIET OB HLE
& %’i‘f‘v"%}.

&8

FLEE2096012 B A3DF 4 3 v ZMRITORHEE L #
DFEEI Y — IZOWTHRE L7,

3D A F 3 v 7 MRIEHIH TOILHEOEFHH1399.0%
M= oY% (A

PED B IZ 2K D30.4%, 2cmPL T OFLHE T31.8
%Thoiz, MEIZBVWTIA T 323U EEEDTY
7z.

3D A+ 3 v ZMRUZ BT BB OF AR &
N7zhs, SBF - REETCOREPLELERS.
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