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Differentiation between Benign and
Malignant Breast Lesions Using Fat-
Suppressed Dynamic MR Imaging

Takeshi Koshiishi', Ichirou Isomoto",
Kazukuni Nakamura?, Yoshifumi Kajiwara?
and Kunihide Izawa?'

PURPOSE: To assess the value and problems of fat-sup-
pressed dynamic MR imaging in differentiating between be-
nign and malignant lesions.

MATERIALS AND METHODS: In twenty-nine patients
who underwent excisional biopsy or surgical resection, fat-
suppressed dynamic MR imaging was performed with a 0.5
T superconducting magnet. Pre-and postcontrast 3D-spoiled
gradient echo sequences were employed with fat suppres-
sion. We calculated and evaluated the contrast-to-noise ra-
tio(CNR) and contrast enhancement ratio (CER) at each con-
trast determination time (CDT), which is the intermediate
time in the scan.

RESULTS: Time intensity curves of CNR showed no sta-
tistically significant difference between cancers and other
benign lesions. The difference in CER between malignant
and benign disease was highly significant (P = .006) at CDT
45sec., but there was great overlap in the time intensity curve
of CER after CDT 45sec.

CONCLUSION: When we attempt to differentiate malig-
nant from benign breast lesions by dynamic MR imaging,
comparison of CNR is impertinent, and we should evaluate
the differential diagnosis of cancer versus benign lesions by
means of CER at CDT points of about 45sec.
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(L& P BIEHIE D%, #RAWpreparation pulse % E4if L
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Table 1 Calculating method of time intensity curve

Contrast Noise Ratio (CNR)

= (Stn-San/ Noise) x 100 (%)
Contrast Enhancement Ratio (CER)

= (Stn-St0 / St0) x 100 (%)

Stn: intensity of the tumor n min.

after iv bolus injection of Gd-DTPA
St0: intensity of the tumor on pre-contrast image
San: intensity of adjacent fat tissue n min.

Echo (FFE)#EIZSPIREELS L & HEIGHPHI % fFF L, parameter
[£TR/TE/FA = 60/13/55°, FOV 20cm, matrix 176 x 256T
L. slicelE R UsliceFld, 294EHI9123%511% 4~8mm slice
I, 6slice, 6 BlIFMFLEESEEZWETES L9 10mm
slicel &, 10slice L ZH L, BAEIE - TWwaH, #RIEHER3Z0
BT, #f%9 1 I 713Gd-DTPA 0.1mmol/kg D EkfkHE
i, RUTEEAIIERIRER, 30%, 60, 12080, 1807
& RO HIGIZ & L, 908 2061), 1508 (6
1), 21081 (3 B), 240801 (1761) BN 72, W, 5
HOWERE % FAET 5 HIYT, k-spaceDreorderingiEND—
DT Akey hole imaging® 7 Z ] L /2. ZD7%, delayed
image & L CHENGHIHIOF AT 1R SR WT(E, B OSEAR (&
(3D-FFE#:, TR/TE/FA = 66/13/55°, FOV 20cm, slice/&
4mm, gapless, slice%725-32, Mel%WEMH] 4min) & Ha(% L 7:.

#®E1E H
1. FLAREEEZ DDynamic study |l & |1 5 FRFA0E R

Dynamic study #&FEFHO I 12 31F 5 N O b w25
PEVEALLS, [F— 4 AOROI#% i%%E L Contrast Noise
Ratio (CNR), Contrast Enhancement Ratio (CER) Z3iHH, %
FAIZ BT 5 ENENORER OCNR, CERfl % L #iid
L, unpaired T & H\V TRETSEAVEF % 1T - 72 (Table
D). 7%, BEERENIERGREICBIT 0> b TR b Jughs
1 (contrast determination time: CDT) T ), [All#Z)I3k-space
FhLE B EE T B8,
2. REMEROBHTEE

CNR, CERFNENOEFE-E5HREMIIZH VT, L8
FERY &AL RYERZ & 2 I L LRE 1. OfEHc & Y et
WHEEENEETCH /23 b T A MRERL4SHTO
CER 100%LL L& 5LHE & W L, & DF5HEE % Aspiration bi-
opsy cytology i At & FEHRES L7z,

B =R

1. FLAREEE DDynamic studyll 1 B EFAETRIRICD
Wt
1) CNRAE D Bt

e — 12 50 sl B W TIE, FLEBAEGNI Mo BN
PIZHARQUEL T B EAS) 2R L T B H5(Fig.1), #Er#
1A B 7%13GA-DTPA 2RI O TN TORHIZ BV T
Do 72 (Table 2).

2) CER{HO#%F} (Table 3, Fig.2)

CERMEDILETIZ, CDT 458(0.754) TIELFLIE D CERTE
ISHHERRIE (C S, 1 % DEMER THEICEEE R L7275,
FOHROFMTIIERESER, b L 3ATEZED R
oz, FUE L FLNE % I A L FUBRIERIAS, CDT 458
DHBTXToOHHICBYTEHEE
(p<0.01~0.05) IHEERL

7o FAAERRNE & SLIRGE O
CERfO I TIXIT & A LD
HIZBWwWTHFEEIR L,

o7z,
2. REMERDEZREECDWT
(Table 4)

CDT 45F TODCER%%100% LA
bR L7 U RER X 1560711
BITa Y, HHERRIE K U FLIRAE
D14B1TIE, £61100% Kl T
» 72 (Fig.3-6). £->T, €D
sensitivity = 73.3%, specificity =
100%, positive predictive value =
100% Td 4. false negative 4 {4
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Fig.1 Time intensity curve of CNR

The time intensity curve of carcinoma shows a steep increase in comparison with that of
fibroadenoma and mastopathy. But the difference in enhancement between carcinoma and benign

lesions is not statistically significant. (Table 2)
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Table 2 P-value of each CDT in comparison of CNR
—

CDT (min.) pre. 0.25 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4.25
CA.:FA. 0.427 0.896 0.310 0.424 0.699 0.986 0.968 0.816 0.853 0.458
CA. : MP. 0.324 0.435 0.279 0.230 0.300 0.419 0472 0.615 0.871 0.388
FA.: MP. 0.577 0.619 0.963 0.859 0.684 0.579 0.593 0.592 0.800 0.942
CDT: contrast determination time, CA: carcinoma, FA.: fibroadenoma, MP.: mastopathy

Table 3 P-value of each CDT in comparison of CER

CDT (min.) 0.25 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4.25
CA. : FA. 0.273 0.006 0.016 0.094 0.298 0.415 0.651 0.852 0.627
CA. : MP. 0.409 <0.001 | <0.001 | <0.001 0.002 0.002 0.004 0.008 0.034
FA. : MP. 0.330 0.899 0.423 0.141 0.118 0.083 0.073 0.073 0.286

CDT: contrast determination time, CA: carcinoma, FA.: fibroadenoma, MP.: mastopathy

Aoz, 21 BUIEHEMICHML TB Y, EEOfE
FHRENEHETH o270, b9 1 BTk E 505
) LU FEANDEED-O, MEDZ EFHMEN LA
Ladoizizo &z bz, FURBER QMR X 52
FIH S TIZhh o7z,

FLHEAED] D Aspiration biopsy cytology Dk Heid, #idT L 72
13615 6 BlAsclass NEL T Td - 7= (Table 5). [FAES] 6 Bl
{¥Dynamic MRIIZT, CDT45F TDCERH2H1100% %
ATBY, AMLEBITTRETH o7, HIZ, 100%KiETH
- 7zfalse negative 4 i Aspiration biopsy cytology Tld\»

Thdclass IVELETH - 72,

£ =

fEAk, FLIRIESE O MIfZEEHNIZ 1L, X#fmammography,
Fik (US) MRV B, ZFDBWIEEIZ DV TIXBE LS 8V Bl
FHEENTWAS, L2L, X#mammography 235\ Tid,
FURARE D BB 2IEG, RIRILE DL WA DB T
HRT2HEDNDY, ILEEFRICBVTE, BREOHE
WWEASNEBECZLWZ E, HEFEOATWE L
REFHEEL LTETLN
%, —J}, MRUXE DRI

250

200 A

ICBIFAEBWI Y A R
RED 6, FEFLIRKB DO BRI
JBH SN, FRERIEE, 2ok
BEFH OB 2 &I f S
LITwa, B#id, Gd-DTPA
RV EREMRIC &) FURIE

150

100 -

50

JEA LB I s, FL
FEDLWIIZ BT Hsensitivity 1,
D modality & FEE L 5 L7
A5, RYERZ T MV AR
A I XYY (AT AL LN
specificity |ZfEWE[TIZE - 72,

2.25

£ D72 Dynamic study & F 72

3.75 4.25
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0.75 1.25 1.75 3.25

contrast demination time: (mir.)

Fig.2 Time intensity curve of CER

The time intensity curve of carcinoma shows a steep increase, and that of fibroadenoma and
mastopathy shows a gradual increase. The difference in enhancement between carcinoma and
benign lesions is highly significant at the contrast determination time (CDT)45 sec.(Table 3)

Fi104E7H25 H

EEMRIVITbUE L H IR
D, EEy— itk BREN
DEIATE A & Tz, FLEEGER
IZB W TIXGA-DTPARFER,

Heywang &V 1387 LM, Kaiser
5% 2 DI IERE OfE 5 56
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Table 4 Correlation between CER and pathologic diagnosis

&, FUETIZ P60, RIERETIEFHI0SHTH

STz LTWwh, RFHIZHE T H SR Dtime

intensity curve @ 2@ ¥ 4 5 H LEEN 470 T
BY, FLFREGIZBIT Ssensitivity 96%, specificity
88% LR L7z, LA L, specificity (22T 138y
HMT37~97% V-0 2P RE L, THIEEESE
OMMERIE, WMRETEZELEHE D FLBESEIZB W T,

W% EOWRERER /S Y — ¥ OBE O AT

Pathologic Diagnosis | CER 2 100% | CER < 100% Total
Carcinoma 11 4
Fibroadenoma 0 5
Mastopathy 0 9
Total 11 | 18

| Bl & overlap§ H L DR MDD LEZ LD,

VREIZEAL, TORTT b—2BH, HDVIIRET
% 2 ENEC, AR R CIE T REIIR4 1
EATMEANSH S E LTz, F/Stack 5V IIEE DA
FHREEDI0WMEIES B F TORERMIC T REAOE % R

%
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140 | —
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80
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0

-—— CER of case 1

pre 0.25 0.75 1.25 1.75 2.25 2.75 3.25 3.75 4.25 min

(B)
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TR DIBEFIERAI L AW, MESW
Isensitivity 95.3%, specificity 84.2% & Hiii L T\ 277,
false positive D3 15.8 % b, ZOk X € 7 HIHFLIRAE,
RO CH o722 L LTHEY, Wi Omodality 1258\
TH INOEE L EMEE L OBANPREL o TWn5,

Fig.3 Case 1: 47 year-old female.

Solid-tubular carcinoma.

A: Sagittal fat suppressed pre and postcontrast 3D-
FFE images. Early enhancement of the turnor
(arrows)in subareolar portion is evident. Similar
enhancing lesions (arrow heads)are demonstrated
behind the main tumor, and subsequent
histopathologic evaluation revealed that those were
intracluctal spread.

B: The time intensity curve of CER shows a steep
increase, and the CER at contrast determination
time (CDT)45sec. is 138 %.
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200 1 T
150
—4— CER of case 2
100 Fig.4 (Case 2: 37 year-old female.
Papillotubular carcinoma.

50 - A: Sagittal fat suppressed pre and postcontrast
3D-FFE images. Early enhanced images show
the mass in upper portion with intense and ho-

0 . - . . T . mogenous enhancement.
pre 025 0.75 1.25 1.75 225 275 3.25 3.75 4.25 min. B: The time intensity curve of CER indicates a
steep increase and has a peak at CDT 45sec.
1 (B) The CER at CDT 45sec. is 272 %.
Table 5 The result of Aspiration Biopsy Cytology
[ 1 [
class ' | .
patho. | I m | v | v (-) Total
Papillotubular ca. 1 1 2 1 5
Solid-tubular ca. K] 2 2 1 1 9
Scirrhous ca. 1 1
Total 3 2 4 3 2 15

patho.: pathologic diagnosis

FHI10ET7TH25H
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—+— CERof case 3

4

(B)

MRIIZ BT B FLBE I DWW T OENDHE ISR &
bHD, SRbhbiiL, FUE, HAERIE FURED 3 &
U222 T, Dynamic studylZ31F ACNR, CERZHH L.,
WEAERL /N — DR TE EEMIZEDN ZRAT.

AEHVZZCNRIZIE, FUBRALEE T % < FEPRBE G & I8
BOEFHRENDEL BV, TAIEHGORE, RUZ
DREFOREOMFEANEIRKEVOHTHL, TOCNRITH
R R EEOMEEE /RLTB Y, HEESRERE IS
WTHBIRBIE LT B EATY D7 — 2 ZRL TV B,
FURAESF IC BV TOREMICEM L VY EEHNREZRT OO
Y (Fig.6), FLHEE BMERWZE L Doverlapld K& {, #ET
FHEEZIRD Lo, Thbbar b7 A bofithe
DEVMRIZBWT, E{EEOEBEM L EBET LWIE
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Fig.5 Case 3: 43 year-old female. Fibroadenoma.
A: Sagittal fat suppressed pre and postcontrast
3D-FFE images. The tumor in upper portion shows
a simple gradual enhancement pattern.

B: The time intensity curve of CER shows a gradual
increase and the CER at CDT 45sec. is 21 %.

BICIMETHEBEII» 2 ) OEEH Y, WENEL/ Y —
DIRFT DA TIIFLIE & RO EFIREE L Z L 5N 5
(Fig.3, 4, 6). ST L, EEMFEEZHTAEFRET
8T 5 CERDIRA T, FLBRAE (& FLAEAED - A EIC
CERFEAVINE £, F7-MMMEIZD > b7 2 b ERS
(CDT)45%5(0.7547) Tl 1 % DEMRE CILIEER X ) K&
R LTVERZENLEOMHETIZERFENFLEALTB
D, overlapb A& o7z. fiE-> T, DynamicstudyiZ & b £
WRIESRE O REMER 2179 BE121E, CEROFEH 24TV,
EHREREROTREY, ¥4bbar 52 MkERZ
(CDT)4STVREECOIEEIZ L VBT A 2 L ALEL £ 2
bz, [ARRICHES OMEREEH % W3 5 BT TMRI % ik
%4586, FBECHT 5 EEHNEFHIR LRENICE

HARERSE 5458% H85
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false positive 74 5 L Bbh 5,

Dynamic study (235 1] 2 #5{$H5H, (g5 1 I > 7izon
TIRERRR L V4 BREF L ENR TS 75"3"5:"9""4" &2,
ERIIPETRC, 7232 PR MREREIZOWTI

RLAT R VL DAL, it TEHE: z@tlmc intensity
curve DB OFERATHET 2 {, KA TELRVI LY
specificity DZE T A L HEEO—2 L Bbh b, 4EIOKET
ﬂ;tk space D HLET O BRG] % 2 v b5 A b vEERg) &

E2Z, |"J“#2|J%tmne intensity curve DEFREh & L 72,

FIRIERE ORI BT AMRIDRE % £ 2 72554, Bk
WCHNFLE ] ,Q‘J.H'Jfl‘ SWVWARIIZB W T, X#
Mammography bIR% % 5 € & 2 \WIFETHILE ICIER %

FHI104ET H 25 H
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Fig.6 Case 4: 41 year-old fernale. Mastopathy.
A: Sagittal fat suppressed pre and postcontrast
3D-FFE images. A small lesion in upper portion

(arrows)seems fo show early enhancement.

B: The time intensity curve of CER shows a steep
increase, but the CER at CDT 45sec. is 83 %

3 2 FEFIASILEBIZ VW e £ 2 S, REDIEELRIIC
Mz, #OEWEE, BXUERBHEOIM, LhES

HEINLIDEEZ 5N D, fiE> Tsensitivity & )
specificity, positive predictive value % E# L /- REMEOZ
WS LELEBDN S, SR OKRIICBIT B IMOLHT
REIL, CDT45# TOCER100%LA % Bt L BT L7254,
sensitivity 73.3%, specificity 100%, positive predictive value
100% %1856 Z EDTE. DRV &, Fics
FTOME ChEA i/ y - RRT L é-ﬂ&ﬁf@ﬁﬁﬂj
DA BIOMES TR 2 o 72 7o D SR OIRFT DL B TEDS,
CERIZ & A 1RET CIIFER DG I He~specificity DE Vi R
L o7z, Wilsensitivity 1373.3% & 2R EVVEE L TW
L0, MEHEHVINE  partial volume effect & 5V HE 5 8
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PETFTLAEEZONLFINSHLEZLLY, A4 AE%:
< $ 52 L& DsensitivityD FRVIAFFTE S, 2
T4 ATORRRE L BOI-IREE, BLUEBEOYRD,
LHEIND.

F 7z, TERILRIEROEZENIEFNPTR, Mammo-
graphy, EEFEREIZ L ViTbh, ZHITMZ TR TIZIL
PEIES 20 L, LMY il B L2 43k 12 Taspiration biopsy % it
T4 BhREH% V. Lo L, %5 IMRZIEETEDFH:,
screenerDEHTREIIIE A S, HERLH COBRIERIZITED
HBHLDEEZBND., RO L) IZYBEIZBWTIZ4E
S ROFHEISHIF, 6 Bldiclass LT Td - 7255 (Table
5), [EHER 6 FlidEf], bhbIdDynamic MRIIZE T 5
SWAEHE T & BUTTRETH o /2. HIZ, CDT4SHTO
CER%%100% #:iiili Tdb - 7-false negative 4 FlIZ0L5 [#lifg% T
lclass IVELETdH ), MRI, W5 HIFZMH % hwkd 2 &
FLEEEGNI 2B, BRI TH o 7.

F 7z, ARIOBKE TIZEPIRE MEZ 2o BT iR
AT ONARNIMRIZ AT T E 72720, AL b
Bl ehl, BEHMEOKMEERITH) JeHTEL, L
L, EBOBEIIBOWTIIWRE M2 ITIhbZ L b
%<, T HFEOR M ERITEROTRLES
SIS RIZTTHREIZELON, ThbiZo>nTik
SHEEEFE IR TE R 6w, L LAads, FLIRESR
DEFRME R % 2 5 & [RITAEIZ &R DEE Vscreener, THELE %
852 EHtilE L —miE i BV Tid, MRIC BT 5 ILEE

{ZX 9 Bpositive predictive value D\ B HTAEHE 2 (E 3§ 5
2oy, BERDOMEENFTHILNTED LED
na.
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