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HE Ao g st HAZRHS BoPoln] kg tlge
2 HuEE vhe vju3k Aot

olof] At TS FollA 7 WA o] =2 A4
WIShE o g A T4 a8 A7)57 3 locali-
zed in vivo 'H MRS)S A|#ste] zZetA dglo)] w2 =}
7157 £33 MR spectrum)®] 54& LAtz & AT

< AAssi

1. 9T T

2007 3¥EE] 20084 12€7HA] A3
Hof|A] =ATAHo 7 A OH ,q.xL,L]ol-oi At}
= M4 F9] =Z7)7}F 10 mm® o] <l ng} 407

2 3l A5 364004 654174 o] % 2
53.4A40] a1 14 7] =(TNM stage) = T1NOMxoﬂx1 T3N3Mx
74 BEstgEdl TINOMx7F 9%, T2NIMx7F 209
T2N2Mx7]7} 59, T2N3Mx7} 5%, 18]3 T3N3Mx7} 14
o]¢ltK(Table 1). 3RS % in vivo 'H MRSE A|#¥sl7] A
AR gy 2183 A gkekslel e W (neoadjuvant chemo-
therapy) & WHe ZA$-& 3 = glglon 352 9aHA

z K
o

wo
T s
ox gt
By

M lo

°|

EAS 9ok &} Table 29} 2t} vl 2T Aelol|A] Foko]
JE RIS AyFog Foko] gl Wi B2 gz
ToZ Aslo] A7) ¥ J4E domA AF Auy)y
S o] g3t AW Fad A7) E3(in vivo 'H MRS)
< Asstdrt

2. HOIE &S

MR ZH]+= 3.0T MR scanner (Signa 3.0T HDx. GE Health-
care. Milwaukee. WIS A& 81901 W& Zod oJo(field of
view:FOV)ol| 4] 175 JA-S 2 5¢17] 984 multichannel

coil¢!'” HD T/R 8ch breast array coil (In vivo Corp. Gaine-
sville. FL)= o]}tk MRSE Al#sl7] A ko] A&

oetzel : M21 & M1 2010

AEE FEel7] 9)sto] fast spin-echo (FSE) G4HH S o] &

A &A% TL, T2 2343 24 45 3¢ Tl
7z 4TI and T2-weighted images, Contrast enhancement
Tl-weighted)& Qo™ AT oA =2 T4
3t T17+% *d4HTR=4 sec, TE=100 msec, NEX=1) o] £33
< 9% F4& 44 (localized images) o2 AHE-E 9t}

'H MRSE tF2 Aol 4] 2] do]e] 44 (single voxel tech-
nique)@ FA]oll odZ] R ol A HlolE] ] (multi-voxel tech-
nique)®] T+ 7}A] WS A-&3=1l single voxel technique
S MR Al BE ok laEoz 7 dAEe
Fdo] folsha dlole] 24 Azko] B M muli-voxel
technique FH913F 919 BEE FAloll Ao AR
g #os dEes 7 uAEAe) Fulol ol ul
o'V B o Fol| A= Single voxel technique WS A&
shalch

AH L (voxel) 9] Z71ol whet £ BA S Z7](peak in-
tensity)7} TFEA W& = 9lo] B3t dlolH 5 9@l
A A A (voxe) Q] A7)+ 15x15x15 mm’ZE YA slglon,
A Fo| A= B4 g (voxel of interest: VOI)&
o] obdl R A Alete] 914 AROw] 2T ol
A& BA edd(voxel of interest: VOI)& Zoko] §l+ HIth
% A4 =30 9XE AF}Fig. 1). MRS sequence &+
single voxel spectrum (SVS) PRESS 7|"-& A&3l9l o o
A wge o Ak

TR/TE = 2,000 ms/15 ms, Matrix: 320%256, spectral width:
1,000 Hz, VOI (voxel of interest): 15x15x15 mm’, NEX
(average): 1, Scan Time: 5 : 36 ms

MRS A3 Helli= QAN 7+ F-919] 2F3H-&(susceptibility)
zkol Bl ZIel AAb7] f= sHE Al 2%l ofte] A4
o] E7UsHAl 7] el Al AN FRE
= 2As7] Y8l Auto ShimmingS 8432 MRS HAHE A 88
a3t

Z0
T¢=4

Table 1. Demographic profile of case group in MRS study. (n=40)*
Age Stage (TNM)
Mean 495 (+12.3) TINOMx T2N1Mx T2N2Mx T2N3Mx T3N3Mx
Range 36~65 9 (225%) 0 (50%) 5 (12.5%) 5 (125%) 1 (25%)

Stage (TNM): T

(1~4): size or direct extent of the primary tumor, N (0~3): degree of spread to regional lymph nodes, NO: tumor

cells absent from regional lymph nodes, N1: tumor cells spread to closest or small number of regional lymph nodes, N2: tumor cells

spread to an extent between N1 and N3, N3: tumor cells spread to most distant or numerous regional lymph nodes, M

(0/1):

presence of metastasis, M0: no distant metastasis, M1: metastasis to distant organs (beyond regional lymph nodes). *No. of patients.
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Table 2. Results of '"H NMR spectroscopy.

Peaks in MRS (ppm)*

Tumor size

Patient  Age Stage Tumor  Normal
(mm)
13 32 13 32
1 48 11x10x10 TINOMx + — + —
2 51 14x11x13  T2NIMx  + + + -
3 49 10x12x12 T2N2Mx  + + + —
4 47 11x10x11  T2NIMx  + + + —
5 36 10x13x12  TINOMx + + + —
6 53 14x12x12 T2N2Mx  + + + —
7 50 12x13x11  T2NIMx  + + + -
8 61 15x16x14  T2N2Mx + + + —
9 65 11x12x13  TINOMx + — + —
10 59 13x11x12 T2N3Mx  + + + -
11 54 14x13x13  T2NIMx  + + + —
12 53 10x13x12  T2NIMx  + + + —
13 57 16x14x12  T2N3Mx + + + —
14 49 10x11x11  TINOMx + — + —
15 53 14x12x12 T2N2Mx  + + + —
16 52 12x15x13  T2NIMx  + + + —
17 46 13x15x12  T2N2Mx  + + + —
18 43 14x12x11  T2NIMx + — + —
19 47 11x12x13  TINOMx + — + —
20 52 12x14x13  T2NIMx  + + + —
21 57 10x13x12 T2N1IMx + — + —
22 54 14x16x13  T2NIMx + + + —
23 63 14x12x12 TINOMx + + + —
24 62 15x13x12 T2N3Mx  + + + —
25 60 13x14x12 T2NIMx  + + + —
26 53 12x10x13 T2NIMx  + + + —
27 51 11x12x11  T2NIMx  + + + -
28 57 13x14x13  T2NIMx  + + + —
29 62 13x12x12 T2N3Mx  + + + —
30 65 13x16x13  T2NIMx  + + + —
31 39 12x13x11  TINOMx + + + —
32 47 15x16x13  T2N3Mx + + + —
33 48 14x11x11  T2NIMx  + + + -
34 67 13x12x11  T2NIMx  + + + —
35 39 12x13x12 TINOMx + + + —
36 53 14x16x13  T3N3Mx + + + —
37 59 13x15x12  T2NIMx  + + + —
38 64 14x16x12  TINOMx + + + —
39 52 13x15x14  T2NIMx  + + + —
40 58 14x13x11  T2NIMx  + + + —
*ppm (part per million)=Chemical shift unit, +: positive
reaction, —: negative reaction.
3. A 24
ol

o]% £33 A H = Advantage Workstation (Ver 4.3, Revi-
sion 4. GE healthcare. Milwaukee. WI)2] spectroscopy soft-

j =4

wares ©]-&3Fo] AEH 2] (post-processing) & T F A

Fig. 1. VOI Localization (VOI voxel size=15 mm”). (a) Normal
breast. (b) Breast tumor. Tumor area of the patient were
designated as experimental sample, and non-tumor area as
control sample.

H(in vivo 'H MRS)AA7} 244
}74] Aeksl=A] Goli 7] S =
A} Eﬁfjﬂ AHA o7t e & BHE2
ppm, 1.3 ppm)ollA] "1 7-E (sensitivity), 5-©] E(specificity), %
/H cxﬂ

redicicitive value) B A& % (accuracy)E -
p y

Z-E-(positive predicicitive value), =4 &
Feleleh,

894 AAL Pearson’s i -tests AFLslgdom SPSS
version 12 software package@ SA|A | 33t}

E-(negative

z
AEA B SAG a9 Fogo] g AYTA o]
A G A7) 80 B Aol E Fig 20 AAH 2 4

7 (resonance peak)e] 1.3 ppm, 3.2 ppmoll4] &
Ak olE BF AAHL 54 A (triglyceride) 2]

CH2 -7), creatine, cholineoll 4] 7]Q1&kc} "> E3] 32 ppmoll
A gals] Jel = 32 choline containing residueol] 7]
A Ao 2 {4 WISt A5 340|014 UEbE o™
Wy Mg EF s TINOMx7|7} 59 T2N1Mx7|7} 18]
T2N2Mx7]7} 59 T2N3Mx7]7} 59 T3N3Mx7]7} 14| &
T2N1IMx7|7} 7} Bgkch(Table 3). W A] 6¢dol| 4+ chol-
ine9] £% HA 9lo] 1.3 ppme] FA A Mk (triglyceride)2] -
CH2 -7]t A& etk Evl(Fig. 2) o155 W7 2 £
5 3P TINOMx7|7} 49 T2NIMx7} 24| 2 T2N1Mx7|7}
714 W 9keh(Table 4). 3.0 ppmollA UEh} = creatine £33

7_}7_}

A AT 405 219olA] Yl o] d iAo B3
AL Aekd 74x7) gle Aoz vebdthp>005). of
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Table 3. Frequency of peak on 3.2 ppm in 'H MRS accord-
ing to clinical stage.

ost=Eel - M21 & HM1s 2010

Fig. 2. '"H MR spectrum in breast
invasive ductal carcinoma. In the
spectra of the breast invasive ductal
carcinoma, the resonance peaks at
13 ppm, 32 ppm. 13 ppm:
triglyceride, 3.2 ppm: choline.

Table 4. Frequency of peak on 1.2 ppm in 'H MRS accord-

ing to clinical stage.

Peak on 3.2 ppm

Peak on 1.2 ppm

Stage Stage
No. of case (%) No. of case (%)
TINOMx 5/9 (55.5%) TINOMx 4/9 (44.4%)
T2N1Mx 18/20 (90%) T2N1Mx 2/20 (10%)
T2N2Mx 5/5 (100%) T2N2Mx 0/5 (0%)
T2N3Mx 5/5 (100%) T2N3Mx 0/5 (0%)
T3N3Mx 1/1 (100%) T3N3Mx 0/1 (0%)

Resonance which was caused by choline containing residue was
palpably observed among 34 patients with IDC during 3.2 ppm;
the results were further divided according to the following
stages; 5 (55.5%) patients fell in TINOMXx stage, 18 (90%) in
T2N1Mx, 5 (100%) in T2N2Mx, 5 (100%) in T2N3Mx, and 1
(100%) in T3N3Mx.

¢ jzH e = Bd24 dzTolAE 374
oA £33 A Xé(resonance peak)o] 1.3 ppme| FAd AWk (trig-
lyceride)®] - CH2 -7]7} WEFE 3.2 ppmoll 42| choline?]
AL A F gl (Fig. 3) A 3elollA= 3
) 7 (resonance peak)ol 3.2 ppm2] cholineo] e} Foko]
U AT A7 Y BALS Fola Aol 2 ehilgl
th(p<0.05). 1.3 ppmoll A ] EFHL =T 409 T 3794
oflA] vebL} o] of iAo 3 73*&% Rt s i o g
+ AeZ Yetgrh(p>0.05). 5 H MRSE ©]&3F et
ek Az 4970 32 ppmol A BAAAE Agk 7]
Fow At ul Foo] g AHToIAE 409 F 4ol
Al vrebgrem Feoko] e DHZ""MW*‘E 407 % 3750l A
el 2S5 85% (34/40), Eol=+E 92.5% (37/40), <k

o= Fopol g

Resonance which was caused by triglyceride was palpably
observed among 6 patients with IDC during 1.2 ppm; the
results were further divided according to the following stages;
4 (44.4%) patients fell in TINOMx stage, 2 (10%) in T2N1Mx.

A dIZE2 100% (34/34), oA AIZEL 86% (37/43), A
5= 85.6%F VESETH(Table 5). ¥ dlZ7-2] 1.3 ppm
of| 4] ] —‘:‘rﬂrﬂz‘g S A} 7|Fo g A o IAEE 925%
(37/40), 50l == 85% (34/40), A AIZE-2 100% (37/37),
L4 d|ZEL 91.8% (34/37), AL EE 87.6%F UEMSITH
(Table 6).

A2l A ukel uhe} gro] fubehe Seluebeld A
o] 4] oA Fok vkl B A 1915 XA sta glom 20054
A odA o AE 692 AAstn Q3 AxF 2 v Fo]

7Vl FAom o] Fokoll gt 27| Kgte|u} X g, X
E ¥ 39 34 %C’ A T 3] Aty &
T 9k 5 F I (ductal carcinoma in situ: DCIS)
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Triglyceride

Fig. 3. '"H MR spectrum in normal
breast. In the spectra of the normal
breast, the resonance peaks at 1.3
ppm but choline peak at 3.2 ppm
was not detected in normal breast.
1.3 ppm: triglyceride, 3.2 ppm: cho-
line.

Table 5. Perfomance characteristics of spectral peak of choline at 3.2 ppm in the diagnosis of invasive ductal carcinoma.

Positive Negative Sensitivity (%) Specificity (%) PPV (%)* NPV (%)T Accuracy (%)
n=36 n=4 85 100 86 85.6
*Positive predictive value, TNegative predictive value, by % -test (p=0.05), n: No. of patients.
Table 6. Perfomance characteristics of spectral peak of triglyceride at 1.3 ppm.
Positive Negative Sensitivity (%) Specificity (%) PPV (%)* NPV (%)T Accuracy (%)
n=37 n=3 92.5 100 91.8 87.6

*Positive predictive value, TNegative predictive value, by % *-test (p=0.05), n: No. of patients.

R R SR EER Y PSS
3] 9k (infiltrating  (invasive) ductal carcinoma: IDC)o]™,
2 e S A LA A8 9e
(Infiltrating (invasive) lobular carcinoma: ILC)o]t}. o]0l 4]
R4 B %S HA AL F 3095 A4 Yol
AY ek Aol e AubE R uhAgo] =
QA DY APl Fehsjol AT Ashehs AT U
A o7t avka 3 4 ok

Surorel Aol 3 2 Emammography), $% =
=3 #d<E, BA A7 (excisional biopsy)& o] &3 =24
A, A7 37 od“d(magnetic resonance imaging; MRI) 5-©]
o] & =L 9l 53| o] Antele Al o3t =3
95 447 B ele 2ot of ozt Wil o
552 ARE AAF R U3t B9l A A
Aok B7bsstol esFa ol AN AT At
= B An Y B} 25 A7} FAH e o zol

L o

O

2 % vk MRIAAE 2830} §3 HedZol vlelol
AW o ekl wARG T R s QA E
welohe s} Bgellx) Sk

5 ol ste] Al 74 A oA =29 S
A QAT e 7IZtETE 28 Ao,

BNort ot o fo lo gQ 30

A A glo] AHe Ak, Aol WiAel= A2 Sl
e AEE £ 7 33, & 25 ° vobiAe o5 A3
o A AR 9 A= =35 E 5 Uk

A MRS7F oftellA] fdH R del o] &HA Y=
Toke ¥ E e ® o= HAE A3} Fokoln o2 7}
A 7o 2z A, 7k A, AR 5o ATleE B
> AT7h A glom HTdde FdE e Es
S R
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o7 At} who} HAA X2 uke
MRSE AJ2Y3to] choline 3= &9 & & AUslor B4
273} vl ol s9%2] WESL 87%2] FolEw P
F 9yt B3 b gl
Paick 57 =A% Y&A4
)

o}
d ek A 2402 H MRSE AlWste] F2 %9

choline &332 ¢ & 4 ddem B4 =43 vlasfA]
83%°] WIZHE%} 85%2 ol FHE F vty By
= o

3k v Qe o]
cholinetH 2] acyl chain®] & #7]ol|4 v]EE]o] AFA T
AuHE FeiEtA el Z1Fol AA ¢ka 'H MRSEA
AE e 3188 #aoll 7l xshe] Aeko] Fhisebein 7
EA k.

& Aol e AEA IS
g A ggetans v 4
Z AN 'H MRSE Agsla

A @L

.

weheleh. A4 243t ulwete] Fopel gt FSl6lA 32
ppmoll 9] EAH BAARS BAY F Udgdw ol k

= =

T ATk 2 gell®: 2 AgolA {1 $72e] MRSellA]
1.3 ppmoll Al 22 FA AWl (triglyceride)2] CHZ]oll 2Jg &
BAlo] Uebskont o] HSjolA e B3R B4 =
2 E 2 uEE ety Wil Aekd 7hy
A gkekx & g Qi A AollA] w3k 25
MRS®] 6¢f[ol|A] cholineol] 2|8t E-3-44& el
th= Zoltt o] &9 TNM W7]& 4| TINOMx
71, 28 o] T2NIMx7]o]gt}. Woo S92 MRSo|A] voxel
Qbe] thAEA ] ol AT 74 AEAS] T3 BA
9] A7|(peak intensity)”} THaste A HEE ¢ 9 &
% AAe 2t AR el Welhn B
o 9 Aok ZEo] TINOMxZ]ollA g4 &ol =2 A
TINOMxZ] oA Ek2 =7]7F 27] wiitoll voxelo] A

ol

AA z2Z WY choline AEI 5 o] B3t AAdo| 7+4
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oetzel : M21 & M1 2010

o] Foz &4 3 F gle Aoz Agdr
TONIMxZ|A A% 24lollA] 9] &Alo] eyt ol

TINOMx7| 9] 9| FA¥= 2el T
Hurhe ok Qholl < (cystic tumor) 5

77} Aol Al
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Analysis of 'H Magnetic Resonance Spectroscopy Pattern
in Invasive Ductal Carcinoma of Breast

Jae-Hwan Cho*, Cheol-Soo Park’, Sun-Yeob Lee’, Bo-Hui Kim®

*Department of Radiology, Soonchunhyang University Bucheon Hospital, Bucheon,
TDepartment of Radiological Technology, Hallym College, Chuncheon,
TDepartment of Emergency Center, Gangneung Asan Hospital, Gangneung, Korea

To evaluate the potential value of 'H Magnetic resonance spectroscopy (MRS) for detecting and characterizing
invasive ductal carcinoma of breast. We conducted 'H Magnetic resonance spectroscopy (MRS), using a 3.0T
MR scanner, on 40 patients who were histologically diagnosed to have invasive ductal carcinoma (IDC); tumor
areas of the patients were designated as experimental samples, and non—tumor areas as control samples. The
peak at 3.2 ppm is characteristically intense and observed in 34 cases of the total 40 invasive ductal carcinoma
(sensitivity 86.2%; specificity 100%; positive predictive value 100%; negative predictive value 60%). In constrast
peak at 1.3 ppm is characteristically intense and observed in normal breast (sensitivity 86.2%; specificity 100%;
positive predictive value 100%; negative predictive value 60%). The study shows that 'H MRS can effectively
discriminate invasive ductal carcinoma from normal breast in most cases. It also demonstrates the feasibility
of localized in vivo 'H MRS technigue as a new diagnostic modality in the detection of breast tumor.

Key Words: Breast invasive ductal carcinoma, 'H MRS (magnetic resonance spectroscopy)
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