R=&

FLER /N P 28 D 7 BRI RRET
XA FIv 7 MRI DAy )N—1 XAV T V#EN

wm EL, LWTETYL ZTBEEBL BEFDTL
TtEERF, MAE—? BHEBEZS =SHBEIE*
WA SORBEHH R SRR SRR
R KR A R
LI GAd-DTPA DEEEICHRE LT, 2V /8—FA Y

FUEI MO OB AT S WD
5 angiogenetic factor % 43 W L , vascularity
IKEATWAZ LT k<ambhTnald. &
7=, FLEED vascularity ¥ ERERICIT R
BAaRd D, 40% L LD MERE OIS H
NTEREROMREIT2EICRS VWO H
&4 B A . A O vascularity O FF A 1
DSA * CT oE&ZHBHWO N/ Ldd
LHBVS, SR, X4 F 3y 7 MRIZRW:
MRI 8% < OB FEHZIC L > THWHN TV 5.
XA F 3y 7 MRLICRIT 5 EEEEZRIT,
[EE O mytikiEz KE: LTk D, Bz i
BTE5H. LA, FRICITEZARSERE
X 0RWEEERRAYE T 5 RERBL D
55—, R TLEHERIROEL S HAED
L0, BEMMIC overlap 28378 5N 56070,

MRI OB EFF TH 5 GA-DTPA X, +
MRS CIE, ABEEICR< AL, A
BROBIEM 2T 5 Z & TEDR - HE
I 5. FEHAEZBEY 0.1 mmol/kgBW T, &
EEENTRETH B0, ZITHAF Iy
ZMRICEDVEOLNAEREADESTRE Y

FEF IV B GA-DTPA O 4 B RE D B A,
ICEFIRT, NSA—2DOFLE L TEED
IS5 ENFTRETH 5. RS T, #
R I MR 2 © GA-DTPA 0 JESS N EhRE &,
BT DITE & O TR L7z,

MR, ETIL, FH&E

N %

A&, 199448 A H» 5 199748 B O
ICHBRIC T, BHAELER (BUN:7~20mg/
dl, Cr:0.5~1.2mg/dD) BliZH T, K4
HAB XA F 3 v 7 MRI Z 4T L7= 55 FEHFI 59
WRZET, £612cm LFOAREREHRETDH
5. WY, FMUIERIC ORERBRERE
TEZWID D\ 38 FEGI 39 REE, B LURHR
BRI CRMEEE 20 Uiz 17 56 20 5{ %
Ths. TORRII, BUEEE 19 FEG 22 K
%= (fibroadenoma : 22 J5%Z5), HEM:IEE 36 i
#1375 & (scirrhous carcinoma : 14 5 ZF ,
papillotubular carcinoma : 8 i§ 45 , solidtubu-
lar carcinoma : 7§ Z , non-invasive carcino-

ma:8JRE) TH5A. FEMEE 40 KED

F—"J— K compartmental analysis, breast neoplasm, dynamic MRI, non-invasive ductal carcinoma, invasive

ductal carcinoma
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FA NEEHRED 2V~ b AV FETOVENR

REXPTROS L, BRED g WESAR
MBI E EE 500 16 /R, {: ARIHE
FHIC B 5 b D 21 JRZE, BIREEES v0 : R
BEAZ VS ON 28RE, vl BIRRESD
LHDMRIRE, VUNHEBA 0+ U VN
HEBLD L LONBTHRE, n—: UV HKg
BBV HDOH 30 WA, I LU comedo type :
4§57, non-comedo type : 33 I/RETH 5.
ETV

M4 = /8— A FiE Gd-DTPA 78 &%
BEIN/ L EICRICHOMT Ha 83—+ A
vV M CEEMEICHEY T 5. PR TR
OEFIEBICEHEE LW EEZONED,
NS OISR TEZOBISIIKREVWEE 2 OM

a)

Extraceliular space: Ct(t)

Interceltular space

b)

A, F£7z, fEAAR—Za 8= AV M
[EE M T Gd-DTPA B4Mi ¢ 534 T, Mg
V= R AV b EORICIZEEZIC X 5 Bl
BEOANTONAE LT AH. MaV/S—F AV
FEOBTER (REEH) *kéts. O
NCESEUTO LS ICKHNE LEEOTT
WEEH L (Fig. 1a,b). ZhZho/X5 X
—Z XU TOBREE T 5.

Mm#EFIC iz —1E1IC GA-DTPA AT XE D,
L2 L, BEICEE2 GI-DTPA RITEE 5
TWiWEZ % t=0 &4 5% &, ROI OMmifEF
O Gd-DTPA & [ % Cp(t) , A8 Mg 4t © Gd-
DTPAOBE % Ctlt) &+ 5 &, Cpt) &
Ct(t) ORMITII®D X 57N AR D 2D

ROI

Plasma: Cp (t)

Cancer: ROI

Gd-DTPA bOIUS i
Cp ()

*——
Urine Plasma

Extracellular space

Gt (Y 13

Intercellular space

Fig. 1. Signal intensity measurement compartment and compartmental
scheme for the distribution of intravenously injected Gd-DTPA.

a) Signal intensity measurements are made in a small(8-20 mm?)
region of interest (ROI). The ROI includes plasma component (Cp(t))

and extracellular component (Ct(t)).

b) The model is composed of three compartments, 1) plasma, 2) in-
tratumoral extracellular space, and 3) intercellular space. Cp(t) is the
plasma concentration of Gd-DTPA, Ct(t) is the intratumoral extracellu-
lar space concentration of Gd-DTAP. “fi” is the ratio of the in-
tratumoral vessel, ‘“f3’’ is the ratio of the intratumoral extracellular
space. ‘“k” is permeability surface product per unit volume of compo-

nent.

199844 A 16 AH 19984 6 A 5 HEET

BIRIFE RS T866-8533 RRAR/AMRMIMERET 1670 REAS SURBTHA A WA B
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dcCt(t)
dt
¥ 72 GA-DTPA # 1 4 © MAR +FEE Cp(t)
Bk Lo ERTRIh (D12,

=k{Cpt) —Ct(t)}-----e [Eq. 1]

Cp=A1 exp(—mut) + Az exp (—maot)

mi, mz (34 4 A, HRAEO R OME
THY, A, b 3BREBICEETHHRETH
5. COEFIVERAWSE [Eq. 1] OMSH
BRI,

Ct ) =k{

m exp (—mat)

+———exp(—mat)
(m3—mz2)
(A1+A2)ms— (Ammz+ Azmi)

(m3—m1) (m3—mz2)

x exp (—mat) } ............... [Eq. 3]

CRRT S, T CTm=kicHEY L, mi=ki
mean permeability surface product per unit
volume of component 2 % ¥ permeability &%
2B ENTES.

MR DfESEETHFRARER IS OMRE T,
ROI ZEHIK D plasma Cp(t) DI & extra-
cellular space Ct(t) O O L5 A HEIEMEIZ
HET5. Cplt) LCtt) LiIxFnFEnTy
T2 {35 & UF proton BE PR > TWBHDT,
HEECH L TREOFSET 5 S IEBEL .
GA-DTPA OEEIL T1, T{EHIZLTO X5 i
HE5T5.

N
T Tio) TRCW®
1

T Ta) W

Gd-DTPA Tit

Ri=45s"1mM-1
R2=5.5 51 mM~1 cveeeeeeeeerermmnnn. [Eq. 4]
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D XD ICHEIEEZ GA-DTPA EE 1Tk T
5. L» L, spinecho Tl HIE M & Gd-
DTPAREZHA L\, SEAVW - 5T
H 2 1k O gradient echo ¥ Tk, TR>T: D&%
BT T, BT [Eq. 5] #HWTHET A
CHIEME & GA-DTPA BEIHA LT\ 5.

_TR
(1—e T1)sina _IR

CS=p————TRe T2 eevneenns [Eq 5]

l—cosae T
ZZT, Cpt) & Ctlt) DREMICHELET 5
Elawf, fs L35 L PEMEITKRDO LD iIcFEX
ns.

Intensity o f1Cp (t) +£3Ct (t)
Intensity o< Cp (t) + (fa/f1) Ct (t)
Intensity =Constant (Cp (t) +fCt (t))

AL, Tofts LY DKFHBEE M %, 0.1
mmol/kgBW © Gd-DTPA # & &E L7 &
E OB MAFH ORFRIRE MR S L, 206
THELER L.
F0 k& a1=0.40 kg/l

a2=0.48 kg/1

m1=0.0023 1

m2=0.00018 s—1
COfEi% [Eq. 2] T4 Tidos e

Cp(t) =0.40 exp(—0.0023 t)
+0.48 exp(—0.00018 t) ------[Eq. 7]
[Eq. 6] i [Eq.3] #fAT 5L,
. 0.40m3
Ct ) _k(m3—0.0023)
0.48ms
s —0.00018)
0.00248ms2—0.001824ms

~ (ms—0.0023) (ms—0.0018)
X exp(—ms’c) .................. [Eq' 8]

CNODOERFER LT, i bakastcE
B T Gd-DTPA 2Mk#h 3 5 #E IR+ 5

exp(—0.0023t)

exp(—0.00018t)




FURNEBERED a8~ b AV BTV

pre

R

0 609

600 (sec)

intravenous administration of
0.tmmol/kgBW Gd-DTPA

Fig. 2. Protocol of dynamic study. Images were obtained at the time in-
tervals of 30, 60, and 90 seconds, and 2, 3, 5, 7, and 10 minutes after the

start of injection.

“k”, BRU, Cpt) & Ct(t) MBEEMICE
54 5EEOHL Y w5 A5 & LTHE
MEIC—HT A L0k, “K’ BXUEEM
FOEE ‘N BRDI.
BEE

MRI & 13 GE #- 2! Signa 1.5Tesla B {rE
EBEXRV, FBRER A IVAMER L TERGL
ICTRERT- 7. REHEESRELHIET S
721z, GA-DTPA % 0.1 mmol/kg % it & Bk
FOFETEAL, BREHE L TEMETX
£ F 3y 7 MRLZfT- 7. BEBFHFED fast
multiplanner spoiled gradient echo ¥E#% >
7. ®E&HE, TR/TE/FA/NEX 130 ms/
2.9ms/60°/2 B, AZ4 ABlL 7 mm gapless,
acquisition time (% 35~39 s, field of view {3
16x16cm, < MY vy 7 A1L256x128 TH
5. BEBEREOXA IV TF v — ML Fig. 2
{Z75¢. Dynamic scan T L N/-EBRDOEE
OFLITE 8~20 mm? O ROI #R{EL, &
B ORREE SREZHIE L.
BEEE

Gd-DTPA OB 17 (R B “k” (s71), “f7(=1s/

f1), BIUC“Q” 2HVT, OFABEEERE
O REMOER], QREMABRFNSELEOR
, QVEMEE »&EE &IEREE LI K
L, BHEETE&OHE, (OEMEREE T,
BERE, RERE, Vv \Hi##, comedo ¥
REDREE, ThZTh2HEMOEY un-
paired t-test % F\CHEET L7z,

& R

(1) BHEE TIE, “f133.07£0.79 (B
+ERRFZE), ‘073 (0.16+£0.04) x10-2,
“k” 13 (0.73+0.32) x10~2, EHEE T,
“f7132.10+2056 , “fi” 1L (0.22+0.08)
102, “k” % (2.40%+3.24) X102 TH 1D, \»
FTNHREMMICEEEZ2R O (p<0.01)
(Table 1) (Fig. 3~5).

(2) FLAREEMRE OMBFEN T BE T,
fibroadenoma & = D DEMIEE & O Tl
(DERREIC, “©7, “4" BLU K’ EHITERE
£ (p<0.01) =R, EMEERTIIE

TR 5N - 7z (Table 1) (Fig. 3~

Table 1. Comparative Analysis of “f”’, “f1”’ and “k” : To Differentiate Malignant and Benign Breast Masses

cases f f1 k
fibroadenoma 19 3.07+0.79* (0.160.04) x 10—2* (0.70£0.23) x 10-2*
scirrhous carcinoma 14 2.16+0.50 (0.19+0.04) x 102 (1.20+0.58) x 102
papillotubular carcinoma 8 2.16+0.49 (0.22+0.07) x10-2 (2.60+£2.30) x10~2
solidtubular carcinoma 7 2.00+0.68 (0.19+0.07) x 102 (2.10+1.80) x 102
non-invasive carcinoma 8 2.03+0.56 (0.27+0.11) x 102 (4.70£5.20) x 102

Values are expressed as mean+S.D., * : p<0.01
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700

500

300

time ( sec)

Fig. 3. Fibroadenoma in a 30-year-old-woman. The “k” was 0.73 x 10~2(s~1), “f1” was 0.14 x 10~2 and “f”’ was
3.80, were calculated from the compartmental analysis.

(a) The dynamic MR image acquired using the 2D-FMPSPGR sequence shows a well-enhanced breast mass.
Top left is preinjection image, top middle, top right, bottom left, bottom middle, and bottom right are images 30,
60, 90, 300, and 600 seconds after injection, respectively.

(b) The time-signal intensity curve were obtained based on the measurement of the regions of interest of the le-
sions for dynamic MR imaging enhancement. The signal intensity increases with time. The triexponential con-
centration cure of Gd-DTPA was fitted to a theoretical model.

900

500

0 200 400 600
time ( sec)

Fig. 4. Papillotubular carcinoma in a 59-year-old-woman. The “k”” was 1.73 X 10-2(s~1), “f1”’ was 0.24 X 10~2
and “f” was 1.70, were calculated from compartmental analysis.

(a) The dynamic MR image acquired using the 2D-FMPSPGR sequence shows a breast mass. Top left is prein-
jection image, top middle, top right, bottom left, bottom middle, and bottom right are images 30, 60, 90, 180, and
300 seconds after injection, respectively.

(b) The regions of interest in the lesions were used indetermining the time-signal intensity curve for dynamic
MR imaging enhancement. The peak enhancement is seen within 60 seconds, followed by a slowly decrease dur-
ing the delayed phase. The triexponential concentration cure of GAd-DTPA was fitted to a theoretical model.
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800
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400

200
0 200 400 600

time ( sec)

Fig. 5. Non-invasive ductal carcinoma in a 33-year-old-woman. The “k’ was 5.12x1072(s™1), “f1”” was 0.48 X
102, and “f”’ was 2.04, were calculated from compartmental analysis.

(a) The dynamic MR image acquired using the 2D-FMPSPGR sequence shows a breast mass. Top left is prein-
jection image, top middle, top right, bottom left, bottom middle, and bottom right are images 30, 60, 90, 180, and
300 seconds after injection, respectively.

(b) The regions of interest in the lesions were used indetermining the time-signal intensity curve for dynamic
MR imaging enhancement. The peak enhancement is seen within 60 seconds, followed by a decrease during the
delayed phase. The triexponential concentration cure of Gd-DTPA was fitted to a theoretical model.

5).

(3) B (scirrhous carcinoma, papillotu-
bular carcinoma, solidtubular carcinoma) &3
BEE X oMok Tk, BEE TR, W
13 (0.20+0.56) x10-2, “k” 1% (1.80%+1.6)
x10-2, JEREFE T, “f” i (0.28+0.11)

x10-2, “k” ¥ (4.70%5.20) X102, ¥ L
BEEE I, “A”iE (0.16+0.45) x 1072,
“R713 (0.73+£0.32) X102, » “fi” & “k”
CHEWTRIRTOHEATHEEZE (p<0.01)
B> BNz (Table 2).

@) ¥R, RERE, VU HER, BX

Table 2. Comparative Analysis of “f”’, “f1” and “k” : To Differentiate Invasive Ductal Carcinoma and Non-inva-

sive Ductal Carcinoma

f f1 k
benign tumor 3.07+0.79 (0.16+0.04) x10-2* (0.73+0.32) x 10—2*
invasive ductal carcinoma 2.12+0.57 (0.20+0.56) X 10~2** (1.80+1.60) x 10—2**
non-invasive ductal carcinoma 2.03+0.56 (0.28+0.11) x10~2 (4.70+5.20) x 102

Values are expressed as mean+S.D., *** : p<0.01

Table 3. Comparative Analysis of “f”, “fi”’ and “k” : To Evaluated Histrogical Findings

f f1 k
g 2.00£0.55 (0.25+0.10) x 10—2* (0.04+0.04) x 10—2*
f 2.18+0.58 (0.19+0.05) x 102 (0.01+0.01) x 102

Values are expressed as mean+S.D., * : p<0.01
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U comedo R IC oW L, BRET K’ I
DWW, FREAPABREBARICE EE D0
0.04=0.04, WEPABBIBHICR S S D5
0.01+0.01 L HFEZE (p<0.01) BRDBNT
B, ZOMOEE THERZEZIRD bhih
-7z (Table 3).

% =

. R FEE 8 1 95 & @ dynamic MRI T 3\ T
13, PV, angiogenesis DA BB B
BEARLD QRET L7201, UV RO
FHERHRDPEHBD E bh T3,
Fibroadenoma "Cid, EEMNIH b OMICHE
HEINBNI—VBEBEIITH 5 L\ OB|EN
HAHW~B) . —7F time signal-intensity curve
13, BEOEZEMHRLREEMC Oy FL
72D THAHH, FIBTFE» REA L E
EIN1-345TEY—ZICELYS =I5
D, RACEEHEMETTAX—VEEY
A DR LT, fibroadenoma TliZ, B 627
V=7 B FIRAICEFINS NI~V %
E2T55D08%\0. Larl, INLHIZIZIREM
D overlap 87 D A b A9 . %7, MRI
{2 sensitivity iZ%E < (94~100%), specificity
BT AMEICIKERB/ARAON S 37~
97%). TORKELERE LT, AREEDSE
YRBER 1D 5 & Bhh 510~20,

Spin-echo #5 T GA-DTPA BEE ¥ £ 5 WHE
DBEAFRIZ, GA-DTPA ORENE T E 57D
e C 5B & susceptibility effect IC & A8
FET D72 DITHBIBE R Tix\ 43, gradient-
echo ¥ Tix, TR>T: D4&#TF it [Eq. 5]
DR THHFIBEFRIC A 5 DT, Intensity=Con-
stant(Cp (t) +fCt(t)) -+ [Eq. 6] M EIT L,
“f7: f3/f1, “K” : permeability (s—1) % kK » A
ZEBRTES.

XA F Iy 7 MRIICBWT, BEEAERH
BICHARNTEVBEREINAOICITBERBE
BILEDEL 5HATHEEZLND. EEGHE
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BEEOMERED EFITKE LT HERS
KEVD, ZOMICEEHRICEELE 25
HF & LT MEORE, FMMEDOERME:
EBEZ LN TN 5229, iR RICE W
Tid, —BIC MmN O Gd-DTPA IZE B E
B RIFTE/m\v. L L first pass TEE
BEAC—I®M2 5L 57, MEOFEL, 2
FVEEONESEE T, SEFFAOEREDOE W
[EE Cid, GAd-DTPA OBITHE “K"ABIEFIC
KEL, MRANAAR—ZICHEICG-DTPA ©
BEARNSFET S LEZ2 DN, SEOKRFT
1 30 BTV — 2 %3l 2 7z non-invasive ductal
carcinoma @ 1 5] & papillotubular carcinoma
D 1GITIIERHE L OMICAVHBRED O
7o Eiz, ATTER, BEOVFHEESHRE L
Gd-DTPA OBREICHRE L TW5DT, EEA
DOHIMPLEFEOFFLEIL, GA-DTPA OERE DX
Zlizo THNAY, SEIORSAESIE, Him
LB DI\ 2 em LT OER &5 %
EL, BEEE, HMPEREORD O NE\WES
ERZE L.

Bx OBRF T, RBEMEOEICS L,
BHEEE CIX, “07133.07£0.79, “f” i
(0.16+0.04) x10~2 , “k” T (0.73+£0.32) x
1072, EHEE CIX, “7132.10+0.56,
“f17 1% (0.22+0.08) x10-2, “k” T (2.40+
2.90)x102CH VD, AEZE (p<0.01) AR
O b N . P73 M8 © GA-DTPA ©
volume & #ifast# D GA-DTPA O %EF b
DTHLY, BEEE CEr-/. /-, ek
fibroadenoma 3 k& FIE & OBEFEREIC &
DEREI L ERIICHEI N TR, Z0
ERRERRED T ONSYEFE L TEN:
L Eph 5. Fibroadenoma % EEHAT S
IZHRE > TR E B R VB O MBI TR 2358 < 7 B8
BZH L T\WAE~D | “f” 35 (k7 13T
MEE CRE <, ARIMOREROEREIC T
NE VS B B angiogenetic factor &4 L,
vascularity KBEA TWAZ iz ka6 nT
% VD2 angiogenetic factor {3 Ifl B4 DI



L NERMRE D 8— AV FETIVERT

M, REMEOEREZIEFICTHES Y, &
N % OBFHNMEICBREINSZEER
B LTWA20), Fi-, RO time signal-inten-

sity curve 7z ¥ & W BRE Tk, BEEODT
7o IR ERE & IRREEIC b"C, BEET
o, “f i (0.20+0.56) x10-2 , “kK” ik

(1.80x1.6) x10~2, FEEEE CiL, “1” X
(0.28+0.11) x 102, “k” % (4.70%+5.20) X
102 L BB (p<0.01) Z@ED/K. TRET
i, ‘KPR W TRESABREBRANIC L & F
5D 0.04+0.04, ABARBHCRSHO
2 0.01£0.01 2 FEZE (p<0.01) ZRD7-.
B, BRE (REIABERAICEZES
D) FKiZ, BYEEOERWITA K OERK
X, L%l , —BRR T EAEREOMESERD
BT B C% 5% vascular encasement OFT R Cld-&
FLRWR, I A MM E ORI
angiogenesis DA 7: - ToRER, REZEM
MERHEM L7 b D EHEB I 152, Comedo
type ICBWTIL, 4 ‘E@Jk’}&#v 7-7%, non-
comedotype L ZEREEZRXRD T - 72.
Comedo type % non-comedo type IZ e X T,
EHFRNCERE RS, HEEE LEN ké
NTW5®, SRS R TAERIC

75 O FEMABE /S HE5E L, non-comedo type | J:[;/\
UEMRETSWEAICE LD, 4%, EX
R EEMEOE SR LU K permea-
bility (s—1) DOEIRICOWTIL, SR,
MEEERT, BLUBEERY—I—ThELD
He#s#st, 7=, comedo type I DWW ik, fE
FOBAENHPLELEZDONS.

¥ & &

HAHEXAFIv 7 MRIICK > TELN-E
RE 5D b%, GAd-DTPA OREICH
BL, aVR—FAVIFETVEERL, 2
cm DT OFLREEEREOEEN#HT 217 -
7=, I#ERo GA-DTPA ® volume & HEFEAIE
® Gd-DTPA Dt EEIME DOElE I LU per-

meability 3tiC BEME T, WIhLFAEEZR
iz, ki, BIEECIEBEETCLIEEMED
)& 135 X (f permeability THEEEZRD, JE
BEEO I BEE E OEE 3 LU permeabili-
ty Iz K Eh o 7.
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Quantitative Evaluation of Small Breast Masses
Using a Compartment Model Analysis on Dynamic MR Imaging
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To differentiate between malignant and benign breast masses using a compartmental analysis, 55
patients with breast masses (fibroadenoma, n=22 ; invasive ductal carcinoma, n=29 ; noninvasive
ductal carcinoma, n=8) underwent Gd-DTPA enhanced dynamic MR imaging. Dynamic MR im-
ages obtained using two-dimensional fat-saturated fast multiplanar corrupted gradient echo tech-
nique over 10 minutes following bolus injection of Gd-DTPA. The triexponential concentration
curve of Gd-DTPA was fitted to a theoretical model based on compartmental analysis. Using this
method, the transfer constant (or permeability surface product per unit volume of component k) and
fs/fi=f were measured, where f1 represents tumor vessel volume and fs represents extracellular
volume. The k value was significantly greater (p<0.01) for malignant tumors, and the k value seen
in cases of noninvasive ductal carcinoma was less than that for invasive ductal carcinoma. The f
value was significantly smaller (p<0.01) for malignant tumors, whereas the f value for noninvasive
ductal carcinoma was not significantly different from that for invasive ductal carcinoma. We believe
that this type of compartmental analysis may be of value for the evaluation of breast masses.
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