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Enhanced MRI of Breast Cancer Smaller than 3 c¢cm

Yukio Ikeda, Isamu Narabayashi*, Shouji Yoshida, Tomofumi Motohara, Tadashi Koizumi,
Kanji Ogawa, Chieko Mieda, Eiji Ueda, Saeko Hirota,
Takashi Oshitani, Toru Suematsu, Kayoko Oobayashi,
Teruko Ishida, Yoshiki Takada and Shuji Kimura
Department of Radiology, Hyogo Medical Center for Adults
*Department of Radiology, Osaka Medical College

Research Code No. : 521

Key Words : Field echo MR imaging, Gd-DTPA,
Contrast study, Breast cancer,
Dynamic MR imaging

Twenty-two patients with breast cancers were studied using magnetic resonance (MR) imaging
with a cylindrical surface coil at 1.5 Tesla. All were examined with the FE sequence and Gd-DTPA as a
contrast medium these images were compared with micrographs of the specimens. All cancers were
enhanced clearly, and demarcated margins or spiculations of the tumors were seen as clearly on MR
images as on micrographs of the specimens.

In 12 patients (9 carcinomas, 2 fibroadenomas and 1 benign phyllodes tumor), dynamic studies
were performed after the intravenous injection of Gd-DTPA. All nine carcinomas showed enhance-
ment characterized by a sudden increase in signal intensity on the order of 100% or more with the first
2 minutes after injection. Two fibroadenomas were enhanced slowly.

Thirteen patients with breast cancers were examined with several sequences (FE, T,-weighted
SE, Ty-wighted SE and STIR) with or without Gd-DTPA. The most clearly deliniated images of the
tumors were those of FE images with Gd-DTPA enhancerment.

A phantom consituted of various concentrations of Gd-DTPA in 20% albumin solution was
measured by signal intensities with T,-weighted SE sequnece and FE squence. The ratio of
enhancement of the 20% albumin solution relative to the Gd-DTPA concentration was higher with the
FE sequence than with the SE sequence. The sensitivity of the FE sequence to Gd-DTPA enhancement

was 1.5 times that of the SE sequence under the usual concentration of Gd-DTPA.
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Table 1 Summary of Patients, Tumor size and

Pathologic diagnosis

Jutigs Tumordse  ppegog  Bmemter
1 54 2.0x1.8X1.8 Solid-tubular ca. GF
2 68 2.5%2.0x1.8 Solid-tubular ca. GF
3 36 2.6%2.5%2.2 Scirrhous ca. GF
4 81 1.5%0.9x0.9 Scirrhous ca. GF
5 59 2.5X1.5X1.5 Solid-tubular ca. GF
6 63 0.9x1.0%0.8 Scirrhous ca. GFS
7 46 1.8%1.4%1.2 Solid-tubular ca. GF
8 50 1.3x1.3X1.5 Scirrhous ca. GF
9 48 1.3x1.5%1.8 Scirrhous ca. GF

10 38 1.5x1.3x1.2 Scirrhous ca. GF
11 66 1.5%1.0x0.6 Scirrhous ca. GF
12 72 2.8%2.2x2.4 Mucinous ca. GF
13 62 2.0x1.5%1.3 Papillotubular ca. GF

2.0%1.7%x1.3 Papillotubular ca. GF
14 50 0.9%0.8%0.9 Papillotubular ca. GF
15 67 1.8x1.5x1.2 Scirrhous ca. GF
16 43 1.4x1.2x1.2 Scirrhous ca. with GF

Solid-tubular ca.

17 59 2.8x2.5%2.5 Scirrhous ca. GF
18 70 1.8%x1.5x1.0 Scirrhous ca. GF

19 71 1.7X1.3%1.5 Solid-tubular ca. GF

20 54 1.7x1.5%X1.5 Solid-tubular ca. GF

1.2X0.7x1.1  Solid-tubular ca. GF

21 39 1.2x1.1x0.8 Tubular ca. GF

22 68 2.8X2.6X2.3 Solid-tubular ca. GF

Z=AafARERL, BAlOZEERELE, £
ffliz Table 212”3 2 E#E o FE #% (TR/TE/
flip angle, 300/9/90°350/9/60°) @ 5 H>—F %
BOLE, Z05bo9fle, fiucBERESE 3 6
GRRAERRIE 2 4, BMEEERES 1 61) 2 dynamic
study % ffH L7z, dynamic study (% FE & (50/
9/60°)10mm slice v+, Gd-DTPA D&
T 159%, 25%, 37%, A5%k S545% 7
58, 1058 ROBSERCIRE TS, 1~ 458
22, 5 ~25581T& % 3 ~ 4 GIFO|BE LI,
F 0B b ©134 12 1% Table 2 © T,5% & SE &
(TR/TE, 500/20), T.%3d SE & (2,000/80),
STIR & (TR/TE/TI, 2,000/20/150) Z#+HL
7z. Gd-DTPA %, 0.2mmol/kg f24&% Fi7 &
JR & 918G &t A\ T SUEBE L 7e,

#5181 dynamic fFRABE T 1 5 L b 1TV,
dynamic FEFABCIL A ~ T HH I DT 12 T,
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Table 2 Summary of Sequence parameter, Slice thickness and No. of patients
FE(1) FE(2) STIR T1-weight, SE T2-weight, SE
with Gd with Gd with Gd
TR (msec) 300 50 2,000 500 2,000
TE(msec) 9 9 20 20 80
TI(msec) 150
Flip angle(degree) 90 60
Slice thickness Smm 2mm Smm Srnm Smm
No. of patients 14 14 8 8 13 14 8 14

WM SEED = v v ABIZ, =v v AFE&¥
ORTHEDICIRSE L, WEELEE - LEY
HEEmECIEBENTHTHS, B~ » 2
A 1256 X 256 T4T\>, 5mm slice (% multislice, 2
mm slice i£ 3 XTET, dynamic study i single
slice CTig&E L7z, MERTXT2@THS,

Ihbick - TE bR MR &%, HE 4yl
K-~ LYEEPLICHBERE TS E LD
2, &> —r v AR OEE R e & B L,
¥ 7z, dynamic study i X » TELREEOE
BSIMEOERIELEY 7 7 7L, =v v R
ROBBHIFHEC X » BEHEN O T Iz D
TREF L7z,

FREE77 v b—2 b LT20%7AT I VE
W o GA-DTPA O#EE#0, 0.06, 0.12, 0.36,
1.2, 3.6, 12mmol/! L E{LI i b DX IERL,
SE # (500/20) 5mm slice &+ FE # (50/9/60°)
2mm % O*5mm slice THE L, &« DESHED
b BlE L,

III. # ES

1. SR

V=7 = A3 ADEE, EEHEERaA A0
ORI L h AKES BT DD, FEHRED
HEXHEXD T D BREF v, LA RS
R 5 M IESEE, 22 v SR
PEETHD, ShExiHlidTsridie, BEOE
SHEY, O Film Lo+XTo@#r hEw, @
FHEFARES L b xEy, QREABERS S PR
EThs5, @OFAEIBERE » SE, © 4B
CRERCHEL, UFEL Y — 7 v 2B &R
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Table 3 Contrast of Cancer tissue and Normal
parenchyma in the MR signal intensity

FE(1) FE(2)
Contrast with with
Gd-DTPA Gd-DTPA

Very High 9 6

High 2 5 4

Iso 11 2

Low 1 8
Very High: Signal intensity of the tumor is the high-

est of all tissues.

High : Signal intensity of the tumor is higher
than that of normal parenchyma.

Iso : Signal intensity of the tumor is equal to
that of normal parenchyma.

Low : Signal intensity of the tumor is lower

than that of normal parenchyma.

L7zt @A, Table 3 TH5,

FE #:(300/9/90)13 7 » + v {EEESRTA 6 1 5Ll
L, plain MR &3 @S2, FEAM & 3T Iso
intensity 127z 5, FE # (50/9/60°) % T,ifig3{g
ELIL, B Low~Iso intensity 27t %5, =
YAV ALE 5T, Fig. 1~Fig, 35
- < BiEE i High intensity il 25, &[E
MR LA24R BT RURESERE LTifHieT
BETHo e,

2. MR 1&

3em LAF o HBIEY /N i LR 0 35 A 12 Table
1 DB A DEFICR AL, EFPKBH~0@
FHiz e A LELS, FRES-CIRIEEN CRE
LTWBEE->TI\V, - TMRELEE* W
B@EPRTETAALE S 05, 3 HE b0

HAEREE $H51% H$11%
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ICKESHFT, MR & &N — %« OLHH
REXEEM 1 2T R %, MR {213 Spiculation,

Indistinct margin, Multi-lobulation, Smooth
margin © 4 & #, /. — -~ {§ X Spiculation,

Multi-lobulation, Smooth margin @ 3 #&¥H 124
F, ThEhi2ET5REHEY—BlLlcon
Table 4 TH 5, ItBEFI6L2HEEL LTH-
7z, WfEE MR 8 & Spiculation &3 5 @S &
LTEh, V—_BOPELL—HKLTW5Z
LGB, EicfhoiEici Spiculation & 3
% OILEE <, HER round R UBRESOLE 2

R 34E11H25H

A

Fig. 1
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43-years old patient, solid-tubular car-
cinoma with scirrhous carcinoma (1.4x1.2x1.2
cm). A Micrograph’s feature with HE staining.
B: Gd-DTPA enhanced FE image (TR/TE/flip
angle, 50/9/60°, 10mm slice). Sharply demarcated
marging of the tumor and the characteristic
spiculation are seen on MR image as same as in
specimen.

%5, BRI o ha R+ o2 Fig. 1 Th%, Fig
1o MREIZ, A —=BrzRL“FAFSARY X"
BOWREZIELTEY, 23— OEITETH
7o BHERE O T D 530D Spiculation &,
DD & Te B FEE R E O Smooth round 7
LigH & Sl RLTwA, MRL iz — &
DB I ) ERICHHTESEE LB
7o, 7 Fig. 2R bh 5 X 5 i BHEEBR oK
mm KO BROEE ¥ TR TH - 7o,

3. Dynamic Study

Fig. 513 X @il Gd-DTPA $E#E 0%, Y
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Fig. 2 68-years old patient, solid-tubular carcinoma (2.8x2. 6><2 3ecm). A:
Micrograph’s feature with HE staining. Cancer cells exist among fibrous tissue.
B : Tumor can not be found on the plain MR image (50/9/60°, 2mm slice). C:
With using Gd-DTPA enhancement tumor can be demonstracted very cleary.

"B

Table 4 Characteristics of Tumor margins in comparison with MR images
and Micrographs’ findings

Micrographs’ feature (HE staining)

Spiculation Multi-lobulation ~ Smooth margin
Spiculation 8,
MRI Ind‘lst.mct maljgm 3 )
Multi-lobulation , (W
Smooth margin , (3 o4 b

scirrhous ca., (others)

(20) HABERSE H51% #1115
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Fig. 3 T72-years old patients, mucinous carcinoma (2.8X2.2X2.4cm). A:
Micrograph’s feature with HE staining. Cancer cells are scattered among
fibrous tissue and parenchyma. B : Gd-DTPA enhanced FE image (50/9/60°, 10
mm slice), 1-mimute after enhancement. Tumor enhancement is visulized
slowly from its periphery. C: 5-minutes after enhancement, the appearance of
enhanced image depends upon the constitution of cancer cells, fibrous tissue and

parenchymal.

e v AV ARIOEESEEY 1 & LR
SRR L b, FE24REOIE & RHERRIE 2 41,
BHIEREL 1 6o X 725 5 HEE o FERy
Tx 77 7 LicdboTh S, b CA 13fE24
FREDFiEER, FA (LRMERESY, PHY 3 R#
FERES %, NP JIEHIRES L =T, =
VAV AEBEORIO 1 ~ 2 SHETaREIESTRE

SERE 34E11H25H

(21)

DEATR, W T 0% ECESREO LRIHE,
LI i G RiEE BT 5, MMERED 2 4
VTR T, BEROBSEIITEER S
fexvov 2 %RFiTe, BEERER I IR
=vaovAZnk, AMEEBCE VT, dynamic
study RBEBOENCERTH A LEL DRI,
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Fig. 4 On 2mm slice images (50/9/60°), small
vessels and other normal constitusions can be
found more clearly, and they make tumor mar-
gins unclear.

4, = AMOBHEOHEE

T,5%58 SE ¥ (500/20) Bftids X O'=v v =,
T,58 78 SE ¥ (2,000/80), STIR & (2,000/20/
1500, FE & (300/9/90) =v ~v A, LI kD54
oW CR—ERT, B BEILEES
T 5 HXE S HE 4 Table 3 & AFECRENI
4 BBECFEE L7z b o Table 5 TH %, Fig. 6
WRLEAOZ &<, GI-DTPAX#H L =
FE &kii—FBBRICEE %~ L. T, SE &
Btoisav A b o TEEVHECEE
WHEA B Y, T T,5%878 SE #%1X Gd-DTPA iz
LBV AvARTh L - TRABEKED 2V 5
ArRELTHEMN D7, SEEXYEMTS
CETHLIC FEEDRHRICAMEh 2R

gD MRI

L
Y
g
u

.
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CA ! Breast Cancer
PHY . Eenign phyllodes tumor
NP Nermal Parenchyma
FA ! Fibroadenoma
T T 1 -1
0 5 10 25
minutes

Fig. 5 Fig. 5 shows the mean rate of enhancement
in the tumor and normal parenchyma following
0.2mmol/'kg of Gd-DTPA intravenous injestion.

EAMEEBNEEZ BRI,

5. BEZ7 7> b—LtRV-HEBER

Fig. TCiRE 7 7 v } — 2 EROE R Y =T,
Eld FE 5mm % FE #% (50/9/60°) 5mm slice &
WHETH5, X®I20%7 17 3 vBEHFD Gd-
DTPARE®, YE#IRI7 A 7 3 vOZROBHEDE
BHEY 1 & LcEBROMENIESEEEYSE
3. 1.2mmol/I f3£530.2mmol/kg % B A v {5

Table 5 Contrast of Cancer tissue and Normal parenchyma in the MR signal intensity

T1 weghted SE FE (D)
Contrast T2 W, SE STIR
with Gd-DTPA with Gd-DTPA
Very High 8 9
High 6 8 5 2 5
Iso 3 2 6 1 11
Low 11 1

Very High: Signal intensity of the tumor is the highest of all tissuses,

High : Signal intensity of the tumor is higher than that of normal parenchyma,
Iso : Signal intensity of the tumor is equal to that of normal parenchyma,
Low : Signal intensity of the tumor is lower than that of normal parenchyma.

(22)
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Fig. 6 60-years old patient, solid-tubular carcinoma (2.5x1.5>1.2cm). A: T, weighted SE
image (TR/TE, 500/20, 5mm slice) without Gd-DTPA enhancement. B: T, weighted SE
image (500/20, 5mm slice) with Gd-DTPA enhancement. C: T, weighted SE image (2,000/
80, 5mm slice). D: STIR image (TR/TE/TI, 2,000/20/150, 5mm slice). E : FE image (300/
9/90°, 5mm slice) with Gd-DTPA enhancement. Most well delineated image of the tumor is
that of FE image with Gd-DTPA enhancement.

— "\ FE (50/9/60°) 2mm

/;_"—__'\

’ / FE Sen

A
2 f <. 5
.x—'"'".--. \‘x
P - SE (500/20) Snm
1 — AN
N,
N,
N,
x
0 0.08 0.12 0.36 1.2 3.6 12

Concentration of Gd-DTIPA (mmol/g)

Fig. 7 Fig. 7 shows the enhance rate of 20% Albumine solution relative to the
Gd-DTPA concentration.

LicBEnlbREELEZ GRS, 20V Bl Lyl 0= v ~ v AR/ T3, %
o —4 v A TE SE ¥ k1. 2mmol/ [ f3F Tk oA T A4 RAEBRERL = v v AHEE1E
DYV AR R, ERHRERTREEL %.

EEMELXB U A, Zhicw LFEE 1.2 IV, # 3
mmol/! L WAL EEECEAD= v v ABHE Schorner 5813 GA-DTPAIZ L B = v~ v &

2RAX5THBEH, 1.2mmol/l iz Th SE BRIIRIB T EFEEH T H LT B, §E- T, FE

SEREC 3 4E11H25H (23)
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# (300/9/907) wilfE\ T SE & (500/20) %1%
BT HEBETFIC= v AV AHREE TS L E
zbh, Table 5 IR A= v v afROZEILE
BEEHCRAT S LE2bh 5, LB
MBCEHALEETH Y, Gd-DTPA DHE#k5 A
REBEREIKET 20T, BEOFERE X
D % %\ ~0.2mmol/kg & 5 \ X £ Lk kD Gd-
DTPA#fER L. FEXic X b, BT X gl
TUYNVRAING, DL D EWEESREE
X o> TMRIDZEHEGREDTE X2 H » EBEMK
EhicbkEzbhiz, ¥4 Fig. 712X »T2mm
slice £5mm slice D = v~ v AF B ILE—TH
230, HEMCI Fig. 4 cisXsic
2mm slice ®FAa v b 7 2 FZEW, ZhILE
—IZi¥2mm slice ©F M F — 2 FEEREHV N X0
TDIESIEE DM EINES L 5D TH S
LEZ LMD, FEUT slice B/ E T bl Hs
WIIEPEEFTEHE LTHH SRS X S5,
CHRFEIC L BEEZFDT—F7 727 oS
TkY, chickhBHLGOMEYREILIRS
fed &z bk, #ic Fast imaging sequence
RZDXOSRT—F772 bROAE, 47,
slice EicfZho b= v v AFHRIISE Lo &
b, slice B LTI, ABENGEBH T
R LD BB TEIOTR RV EELT
23, 2mm slice &5mm slice % H~ii- 34,
WEDERY 2 I VBEZBIHECE503LLA
S5mm slice THE EV5HIETH 5.

Turner LYIFEBFEETHZ L2 FRERT 5
MRFATR & LT, @Skin thickning % % \ &
Skin retraction 7z &' @, [REi/sER Y BB E1C
B2LEC BEhB b0 LABOFMRF LY, @
BB s B (Spiculation & % \~ iX Multi-
lobulation 72 &) ZH T 3EEOFEXEF T\
%. 3cm LUF @ HEeA /N & e FAE O HA L~
DBREIEEALR AT, Turner 505 1 8
OFF BB RH o,

F8E 2 B0 Riwo\uT Turner & L5
WZILHRET L T3 &7, Spiculation X HE D HEELEIC
DT @ specificity 1% 8 L A3 sensitivity 124 v
ERRAT TS, ChREEREE R &M

(24)
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Spiculation 7R E o\ oD TH 0, AR st
THER SRR TELDEELZORD .
lem BE OfEL T b Spiculation # R,
FEEBMILTIWEELT WS,

BN FL 3 0 GAd-DTPAIC L B = v N v R
MRI D BT R & LCEEIBD ) v 7 Ro
REHDRET TS, LELBEOE S X 5 icHiE
ZDLODRLTAFOMER Y LI LT3
RS D, FEFENICIE—O L O TILE
L5THB,

% 72BiiX dynamic study ", FIEITEER 345
LIP3 peake 73 L, LIEEBMEXE L 3 &k
N5, @RI X - Tik Fig. 3 oBci@Een
CESEEOHEMERTHLH D, HxOREHT
EEEOEE T X, Stack BV Kaiser 520
BED L S R OE SRR cEBSEREDO L
Ax R, DB RBILERRT, DB
1L Fig. 7 Tb¥1% X 51c, Gd-DPTA iz k 2
D THECENNEDF FEEHEDOT(LL LT
RS his bt E LTV BTREMS S B,
WLz Bk, AULBSNARR -7 LTH
BEhTwo5 bbby, A@ERREYERC
R#3 %55 4 —4 — & Gd-DTPA o & o FEt
WRHVBLETHHLELEL,

X, BRUERBO—MBE=v v 2 &h
HPONHY, FroHMEL BB X 5 Tl
7t dynamic patern %773 W HEMS S D dynamic
study BEMHOET I L ORETCHEHETH 3
PRESEECHEH LT hEe b,

V. & & ®

Gd-DTPARE 77 v b — & E3cm LT o %,
RE22FEGIIZ MRI # HifT L, LAF OEH#E 7o,

(1) FE X SE izt~ Gd-DTPA = v »~ v
AT H I DBCREREE LTV,

(2) Gd-DTPA =v v A FE®IZX Y, L&
RIEFELRESEHE LTS hi, BWBES
MRREC X D RIS MEOE I AWK I h, B0
JEA D el SRS S hute, 72, 2mm slice
(Z5mm slice ICHE~ATLSEREIRXE 272h -
1z,

Q) SEEZEMEET L THTMEZGR

AAERSE #51% H115
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