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Subtraction and Dynamic MR Images of Breast Cancer

Yoshitaka Murakami, Manabu Aoki and Junta Harada
Department of Radiology, The Jikei University School of Medicine

Research Cord No. : 521.9

Key Words : Breast tumor, Subtraction MR imaging,
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The purpose of this study was to evaluate the diagnostic effectiveness of subtraction and

dynamic MR imaging in patients with breast masses.

In 23 breast cancers and six fibroadenomas, spin echo T1 images were obtained at 0.2 Tesla

before and every minute after the intravenous injection of Gd-DTPA (0.1 or 0.2 mmol/kg).

Subtraction images were obtained sequentially on the CRT monitor.

All breast masses were enhanced after gadolinium and stood out as bright lesions on subtrac-

tion images. The tumor margin and its extension were more precisely evaluated on subtraction
MR images than on conventional postcontrast MR images. Breast cancer showed a characteristic
time-intensity curve with an early peak, in contrast to fibroadenoma, which showed a gradual

increase in signal intensity.

Subtraction MR imaging is a simple method for the evaluation of breast masses, and further,

the time-intensity curve obtained by dynamic study is helpful in the differential diagnosis of

lesions.
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Table 1 Summary of breast cancer
Grading of Tumor Visualization Radiclogic Findings Patholegic Findings
Age  Size Subtraction ltra- Type of
Patient (y) (mm) TIND  CE-MRI (13 sonography Namoography Dynamic MRI
1 50 10 0 1 2 ND aD 1 Yucinous carcinosa
15 ] 1 2 ] XD ! Invasive ductal ca
2 52 15 0 2 D D | Invasive ductal ca
3 42 17 ] 2 2 1] o | Invasive ductal ca
| 52 20 0 1 1 ] D i Invasive ductal ca
5 62 20 0 1 2 D S i Clear cell carcinoma
] 43 22 0 1 1 1] i Invasive ductal ca
7 47 22 ] 1 2 )] )] Invasive ductal ca
8 50 22 0 1 2 D ] 1 Invasive ductal ca
9 50 22 ] 1 2 D ] I Invasive ductal ca
10 66 24 1 1 1 1] ] 1 Invasive ductal ca
11 43 25 1 1 i ] ND i Invasive ductal ca
12 50 26 0 1 2 1] D | Invasive ductal ca
13 59 27 1 I 2 ] D ! Invasive ductal ca
14 67 28 1 1 2 ND D Invasive ductal ca
15 29 29 0 2 2 ND D Invasive ductal ca
16 53 29 1 1 2 D ] Invasive ductal ca
17 70 30 1 1 2 il D Invasive ductal ca
13 48 34 { 1 2 D ND | Invasive lobular ca
19 49 43 1 1 2 ] D I Invasive ductal ca
20 66 50 1 2 2 1] ND Invasive lobular ca
21 33 55 ] 1 2 1] D ! Invasive ductal ca
22 62 90 1 1 1 i Invasive ductal ca

Note. D=definite. . ND=not definite.

Grade [:tumor can not be detected,

Grade 1;tusor detected without clear margin.

Grade 2:tumor detected with clear margin

Type l:early peak time of tusor intensity on dynamic MRI.
Type [:gradually increased tumor intensity on dynamic MRI.

sl &

MRI #i& [ B 324 % MRP-20 (0.2Tesla) T&
N, LREH 24 LE2EHLZ, 2flarxa
— (SE) &M, @8 A X v i3 TIHEH%
(TR/TE/excitations =500/25/ 4 ) THe% L 72, A
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Table 2 Calculating method of time-intensity curve:

The tumor intensity was compensated by fat tissue
intensity.

Intensity ratio= ,Lr-" Irl:'

TN: Intensity of the tumor after N min. on
post-contrast image.

To: Intensity of the tumor on pre-contrast image.

FN: Intensity of the fat after N min. on post-
contrast image.

Fo: Intensity of the fat on pre-contrast image.
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Fig.1 DBreast cancer, in-
vasive ductal carcinoma
(IDC): (A)On  precontrast
T1-weighted image, there
was no detectable mass.
Examination was perform-
ed at the site of palpable
; — mass which was marked
e
by trimed ECG-electrode
: pad(«<). ®On post-
contrast image the tumor
was enhanced. (C) On sub-
, traction image, the tumor
was clearly visualized as
a spiculated mass. Enhan-
ced vessel was detected in
subcutaneous fat layer
(<)
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Fig.2 Breast cancer(IDC):
In the case in which mam-
mary gland is highly re-
placed by fat, the tumor
was not well identified on
pre-A) or post-contrast
image (B) due to inhomo-
geneous high intensity of
fat tissue. (C) On subtrac-
tion image, the tumor was
well identified as a bright

mass.

Fig. 3 Breast cancer(IDC):
(A) Pre-contrast T'1-weigh-
ted image of the breast
cancer. The tumor can
not be detected as an
abnormal intensity area
or an abnormal shape. (B),
() On  post-contrast T1
-weighted image, the
breast tissue was enhan-
ced homogeneously. The

glandular breast tissue

was almost totally re-

A (B) (©) placed by tumor.
TIZMERG & 2P T T 5 7z, L DMINTE 2 oix 2300 51T, FURSER D &
@ FLEEoOH T RO IR RN~ sl 3895 4 2 85 s BT

FLaE oo Hidl T v A% = & 2 M%7 5 1 fig 1 HETH -7z, H9lEs L oEEvSF T IERH
Grade 0 %1% (14/23), Grade 1 #%39% (9/23) IR TE 4d - 72 5Efl % Fig. 1(8), Fig.2 (W
Thotz, FmEoimuic L YVRIBT S 20l F U Fig. 3739, Fig. 3 O%etlid FLIR 8 4
2B TEITH Y, FIPHOFLIRALEE L D b kel AR W 2 LT B ), Cooper [CHIEIC
Py— 2ol m e LTS e, 272, kI i - T HREATEES & L, g MR Wi iz m

(10) WA e dd 530 9544
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Fig. 1 ) Tl fibdin T & 3 s o iz LI
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Gd-DTPA iz L %52 MRI T, FLESE 4
Tiligzah e & il 72, 2 MRI Tollfi% o i
figld Grade 1#4%87% (20/23), Grade 2 #°13% (3/

23) ThH-.

HwTw b

HT7 77y s i TolER oM IBGE IR
Grade 1 #17% (4/23), Grade 2 #'83% (19/23)
VI 5 4E 4 J12510
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Fig.4 Fibroadenoma: (A

On pre-contrast T1-weighted
image of fibroadenoma,
the tumor was detected as
a ill-defined low signal
intensity area. On post-
contrast Tl-weighted
image (B), and subtraction
image (C), the tumor was
strongly enhanced after
injection of Gd-DTPA.
The signal intensity of the
mass was gradually in-
creased and have cdelayed

peak time (D).

Thotz, W7 Z7 73>kt 77753
RS MRI & o i o diil .J‘H:C?)i't'l’lf TIE70
% (16/23) T Grade 145 Grade 2 124 gD
M LAsiey iz, 30% (7/23) mmwu B HY
RIS 2 bhs il b e = 7245, FHEEAMICT L
P e - 7,

@  HHENRIE o i e

HUHENIE o> LG T sl & 2 Wi higid

Grade 0 #%67% (4/6), Grade 1#4%33% (2/6) T
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Time-intensity curve of the breast cancer

Intensity ratio

Hhotz, BEHRENMENCEDVRBTELDIL6
P 16ITH Y, FEAOFURMES L D b i
—Ze 5T E LT &N, $72, HiEiC &
DRI TELDIZ 6B 2B TH > 72, Gd-
DTPA Iz & %5&45 MRI Tl bk Nge 1 1 400 T
WA E e 7z, i MRI ColiEiE o i gz
Grade 1#%33% (2/6), Grade 2 #'67% (4/6) T
Holz, #7770 a3 ETHREOR! iﬁEii
Grade 1#°17% (1/6), Grade 2 #°83% (5/6) T

hotz, W7+ 7737V 773 3
HioiE# MRI & o i o Hil g % i+ 2 &,

1 #) T Grade 1#* % Grade 2 2 e i ¢

st b ALz Y, 83% (5/6) Tliifiifigic 23 {bAh el
HHNTedr o 7z, EIBEEDET L 72 5E B3 386 &
Nichr -1z,

M&MW & W & eI O Bkl T1 5qiig,
W TILMFAGB LU 7572 3 g
Fig. 4 12757,

@ FURMERE DA+ 2 MRLIC k
& 2 b

FLIE B L OO R ME IR IR o R ) — 43 Bod Bl &
%2 Fig. 5 B LU Fig. 6 123§, s 2
~ 3 LN R 5mEn e — 7 a58h L
Z DB T HRESRA2IILT T 20, 21375

4 I [H] —
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Fig.5 Time-intensity curves of
,____hh:.“-- the 23 cases of breast can-
&i—: cers: In most cases,the signal
peakes appear early, namely
in 2 to 3 minutes after admin-
istration of contrast medium.
Thereafter, the signal inten-
, i sity lowers gradually or a
10 min. plateau.

Time-intensity curve of the fibroadenoma

3.04
2
2 248 //\
> \._______
- /_,..-"‘_“'--.._,..--—"‘--..___
= 94 e
221 / —~—
i ——
1071 L/\\/ / et
o —
e
1.87 \\// S
/
1.6
1'd"// _——
: ____,___.._.-/
.l.z-i/_
1.0 + =t +—+ -ttt
] 1 2 3 ] § i 7 8 9 10 min
Fig.6 Time-intensity curves of the 6 cases of fibro-

adenomas: The signal intensity of mass gradually in-
creases and dose not show early peak time.

AARPE razas 4553% 4%
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Fig.7 Breast cancer(1DC):
(A) On dynamic MR image,
the tumor was enhanced
rapidly, and its intensity
reached a peak at 2 min

after the injection of con-

. L i '-_..'1
LR R

v trast medium. (B) The

tumor was clealy delineat-

ed and seen as a very

bright mass on subtrac-

tion image. Enhanced ves-

sel was visualized near

the nipple.
« (4) B 1
|

Fig.8 DBreast cancer(IDC):

F—=IETRL0EZA4 71, Whhk l:~7f;t
BT, 8 ~1001%E TH LAY il &7
T%)C’)’* FATINE L7, FIETIZ96% (22/23)
FA7 T ®m LIz, 47220722160
mucinous carcinoma T& - 72, #HENIT [ 41
FA TN wRL I,
JUED 14450 4+ 2 » 7 MR [i{% % Fig.
7B LU Fig 812/, R — 155l i & [6]
FEIC 2 5040100 b Bl i S 2 5> . FigdD)i
AHENRIED 1 9570 574 + 2 JMRWHRTH 5.

On dynamic image, peak
of intensity of the tumor
appears in 2 to 3 minutes
after administration of con-

trast medium and becomes

a plateau.

Rk 5 4E 4 H25H (13)
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E[H] — (5 5 s LA & Rk 1 it 2 1o (5%
L IE IR L 100 fR I b iR RS A D B,
FLETIZA TN 2R 250 # Fig. 9 12717,
Z 4tz Case 1 (Table 1) DFEHT, ALK
DR ZEBITH - 72, WMUICHEET B2 0H
carcinorna T, ¥ @ Wl @) ik #i A%
invasive ductal carcinoma Th 5, 7F4+ 3 v
7 MR {4 T4 mucinous carcinoma |3 #4212

mucinous

HT7EF7 7 arBEUF4F 3y 7 MRILIZ & SFLMEOEHRT

Fig. 9

ological types of breast

Two different path-

cancers: (A) Two low in-
tensity masses were visu-
alized in lateral aspect of
mammary gland on pre-
contrast image (mucinous
carcinom; «, IDC; «). (B)
Both masses were equally
enhanced. (€)On subtrac-
tion image, these tumors
were delineated as bright
masses. (D) On dynamic
images, larger tumor (in-
vasive ductal carcinoma®)
revealed type I and small-
er one (mucinous carci-
noma*) which exsists pe-
ripherally revealed type

[ enhancement pattern.

TR O RGSE & R LT B 0 AT W R
TH - 12 5T & invasive ductal carcinoma 1%

BN ERMEN L — 2% L2084 71 221
® FLgERIHIEZHIZOWT (Table 3)
74+ 3w 7 MRIIZ & 2R — 15 508 E gl 4

DAL #FE, 7471 & HERE & E L

TIERE® ke 5 & I IEZHI196% (22/23),

HRHENIE D IE23512100% (6/6) THh 5.
HAPE fir 455k

P53 W4
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Detection of breast lesions

Mammography Ultra- MR
sonography  imaging
Breast Cancer(n=23) (n=21) (n=22) (n=23)
True positive 15(71%) 19(86%) 22(96%)
False negative 6 3 1
Fibroadenoma(n=6) (n=5) (n=6\ﬁl (n=6)
True positive 1(20%) 5(83%) 6(100%)
False negative 4 1
Lu?b'ct KBRS L OSRHENRIE O 1F 25442 86 ® FUEOMBERM o Al

% (19/22), 83% (5/6) TH3B, w> 7T 74
—iZ Ji B EIE B L OMHENRIE ) 1IF 23413 71% (15/

21), 20% (1/5) TH 3

'I

F o vy

Fig.10. Normal MR image (A) of 21-year-old volunteer:

G = glandular tissue; F = fat; RF = retromammary fat

layer; P = pectoral muscle.

Table 4
Twenty six cases were free from chest wall invasion

Obliteration rate of retromammary fat layer.

which were confirmed by surgery.Retromammary fat
layer was obtained in 6(23%) out of 26 cases. Twe
cases of breast cancer with chest wall invasion were
excepted from total number.

1.non-obliteration 20
2. obliteration 8
Without tumor 6
by cancer 2
Total 28cases

k544 H25H

W OF MR 4 % Fig 102754, LIRS IR
Whds & OF I i A< e L hu.‘[’ ENTw3, 3
PREMRI R de§ ¥ A Table 4 12751 72,
g B 28 T4l T & 5 e z» - 722661 Ti323%
(6/26) 1 FUIRILTBIRNG ko i 2 % ilad 72, FUNRAL

A M BE L e L FUIRARR IR Rk 0 L 7o 0 ) %
Figdlizzz L7z, 2 T3 2l & 2 LA g
Wk aA 2 SO M I & 2T L, BRI
fEad S 7z (Fig12). WBEfig I B8 55 7 v
&Sz REW T lE e H MRI T ieTH -
2. T T 72 g o ARH M EE I o A7 e oD e
WCAHH TS - 124 % Fig 1312y, 2 O8EfT
[ MRI THE T FUIB RS I frAE L Cooper 5N
AT

o T RMEAEE DL S S o B E

-. | s *"‘\i

}]\

Fig.11 . Obliteration of retromammary fat layer in
normal case: The retromammary fat layer was inter-

rupted at lateral aspect(+). C = Cooper’s ligament



384 V7373384437 MRIIZ L BFLHE@ &

Fig.12 Breast cancer(IDC):
MR image of chest wall
invasion in one case of the
breast cancer. The retro-
mammary fat layer was
interrupted adjacent to
mass, which had been con-

firmed by surgery.

Fig.13 Breast cancer(IDC):
On pre-contrast(A) and post-
contrast (B) images, the
tumor was enhanced and
soft tissue(=) was conti-
nuously seen to lateral
as-pect of major pector
muscle. Subtraction MR
image (C) demonstrated
the clear margin of the
tumor, and a chest wall

invasion of the tumor was

denied.

THENG #7261 BRSO G X W#ETH 5. AR S N2 A T L U & F ORIz I
77 22 a3 % TlE Cooper B PIC 1455 BRI & B LR 2R A R 7 e
R N BIERILSD S N T REE~DEIMIZ w2 - 7:%, iz, GA-DTPA Iz & 2 &5 MRI #9424
EHHLLTH B, B, FUE & MMEIRIE L & <SR E D ool
£ = #h ,L'o')fl s FLIREE DT 1 OREIE & DERIZ

MRI (A 7z MR e 2 T B 12 H 2 HIHE & 7z. ¥z, dense breast ALz lE =
FLIRNER D RSN 59 5 & L THIFRS YEZT74—L ) LER OB B W T
iz, Lo, oAy a—g Tl TwbEnIHEL H 37, SHoERTL Gd
&R LI ALERE & oo i RE Ay B I AIE <, WA DTPA #Hwiz Az a—giz & 535 MRI
MRI @ ATl O T HEETH 2%, 72, IE TV FUMRIE 5 4 ) (2 5L B 7 5 gl 3 & GR DT o

1

ﬁl 4 _\,J,

ni

(16) HARES e as #5534
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