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[ Abstract] Objective: To investigate the ability of proton magnetic resonance spectroscopy (‘H-MRS) in differentiating
benign from borderline cystic epithelial ovarian tumors (EOTs). Methods: Sixty-four patients with surgically and histologically
proven cystic EOT (33 benign and 31 borderline) underwent 'H-MRS. Single voxel spectroscopy (SVS) or multi-voxel 2D-chemical
shift imaging (CSI) was performed using point-resolved echo spin spectroscopy (PRESS). Resonance peak integrals of choline (Cho),
N-acetyl aspartate (NAA), creatine (Cr), lactate (Lac), and lipid (Lip) were analyzed and the Cho/Cr, NAA/Cr, Lac/Cr and Lip/Cr
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ratios were compared between the two groups using Mann-Whitney U test. Receiver operating characteristic (ROC) curve was used
to evaluate the diagnostic performance of 'H-MRS in differentiating benign from borderline EOTs. Results: The mean Cho/Cr ratios
of benign and borderline EOTs were 1.39+0.90 and 3.31£1.60, respectively, with a statistically significant difference between the
two groups (P<0.001). The mean NAA/Cr ratios of benign and borderline EOTs were 2.54+2.20 and 9.43+5.20, respectively, with
a statistically significant difference between the two groups (P<0.001). Area under the curves of Cho/Cr and NAA/Cr ratios was
0.901 and 0.907 for differentiating benign from borderline EOTs. Conclusion: The 'H-MRS patterns of benign and borderline cystic
EOTs are different. The Cho/Cr and NAA/Cr ratios are higher in borderline EOT than benign cystic EOT and are perfect differential

biomarkers.

[ Key words ] Ovary tumor; Benign tumor; Borderline tumor; Magnetic resonance imaging; Magnetic resonance

spectroscopy

UP 5L | J2 P R (epithelial ovarian tumor,
EOT) 2 B 5L g v fe i DL 2 24 5 o 5 b
BRI 60% , 7 B HLTAE IR (185%! ", ik HE
o RAE(57%~60%) . SE A (4%~10%) .
(21%~33%)"", ZHECHPEEOTREMERI, B
BN T RSB, ARG
MRUEHEVE H IEGRI2W ™, 1eoh, e R
B, ARPEHEXTE FEEOTH IS W ER R
60%~75%" T K552 AR TR T
SRR, AR R A R AR o R A B TR
BEIRHITAH TR E,

i ﬁ?ﬁ;j\:ﬂ[:??ﬁi%(proton magnetic resonance
spectroscopy, H-MRS)J&—FBERINE 14 Py 4
AR B A A 2 e A JE B T e S R
UEAERE R ) e % e fi T H - MR S7E B 3L i
S5 v B4 7 P H ST 2210 AR Z AT BA LA I A A
FEFEH, "TH-MRSHE 7T 5 b 500 BRI M 5 0
PESHERR AR 640 BEPEEOT 5 3 17
FEVRH-MRSHIFST , 43 BT B9 524 1 Fiiag 1) B A
X, BEHTH-MRSH K558 A EEOTHY %
A

1 TR

1.1 ERER

PEH20134E2 H—20154E 10 A 4 7H PR5E Y
BRI ERCE, AT IMRIE S, 2 B X i B
=5 emFT H-MRSK:#r . 29 AbRifE. SEedErt
BCREVE N F2 (MR B il 53 = 2/3) RO B SR Rz PR e
oo HERRARIE: D BP 58 4 SRl St Ry 3 (i
JoE S B = 2/3) R s @ B REE L R R
WAL B DRELAE [P . gl A 64 Bp L
Rk TR R SR O R R, R 19~76

%, P43+ 1.1)%; LRSI 45 )513
Bl P BFEZTARGEE 166, 2 IFEE384])H
PHEHIESE . AR BEREE P A it JF&
AR
1.2 BREFHZE

K HSIEMENS/A F]Symphony % Avanto 1.5T
MR AL, 17755 MMRIRI H-MRSK:
A, KRBT ARL R, BEME, 1T
WHRFSEF Y4, JOIRGIT2WIHPAR, B WAL
TIWI, T2WHG ;58 5 140 R AR W (o2 A e
ARDETIW AR, R G50 DA L 8 i g (= AR 4
B, FHER, 8E), 0.2 mmol/kg,
H2~3 ml/s. B (field of view, FOV)350 mm x
400 mm; HifE256 x 256; JZ)F4.0 mm, JZEE
1.2 mm, 'H-MRSTES§SREARE AT IE T, 7EMRAL
FHEWALT2W I R BT g e A, 8%
BRI TRV AL G, SR A5 B e (RT3 38
1% (point-resolved echo spin spectroscopy, PRESS)
FFANAT AR ZE B 1% (single voxel spectroscopy, SVS)
I, HRFEHR2.0 em x 2.0 em x 2.0 em, WEKE
fb2A 7 F% A% (chemical shift imaging, CSHF,
1RZ 4 (4.0~10) ¢m x (4~10.0) cm x 2 ecm, & A}
[&] (repetition time, TR)/[FIJEF[E](echo time, TE):
1500/135 ms. “FEPRIE1920K, HEI2, 219
5 ASPE R, I R KR H4.54 min,
ZAKFENT.12 min,
1.3 BE&oi54E

M 145 3236 B2 W R 1 4% 3 AT I 0 S ) X
"H-MRSEHE ST 4301, B WA — B b i i
P SR HIMRIS A7 1) J5 A R %o g s s ik
9%, f35KZS% | Hanningid I8 . FHi5 .
A | BRR | R MR IE, A Shik
S, AT EE WA N-CBER A



- 18 - 'H-MRS% 5 R 5 32 M1 T 52 0P S AR E 0N E

2016 £ 1 R 25 58 1 8

IR (N—-acetyl aspartate, NAA). AHE#(choline,
Cho). W& (creatine, Cr). AgFi(lipid, Lip). FLA&
(lactate, Lac)El/‘]m%fE$Rﬁ(integral), LG E 5 Fa &
ICrie NS IR, 1B NAA, Cho. LacKLipl
SO LU, BASVS A — 8, CSI
BERLIEER =/ MAZR ) =5, BOFE.
1.4 it abiE

KHISPSS 17.040 3 8o M, R
Mann-Whitney UF 55 LEMZH HAZ . NAA/Cr.,
Cho/Cr. Lac/Crltfl, P<0.0582 %A 4112
B 221 TAERHE (receiver operating
characteristic, ROC) £k, #2538 59
PRI A (A LR R R, PR
T fH(area under the curve, AUC), Frf &%
PEAxEs ik

2 4 R

2.1 JRIBR RN R
B FIAE Bk e e o TH 644, Hovb R

FERRIE 3312 . BEE214S), A
IR 3 1A R 140 . B 15A4 . JRBH T2
o 64 PERHE T, AR P04, 2k
ZP 444, KINChol641~(100%), K IENAA
1£644~(100%), & BLLipl107~(16%), Laclég20
(31%).
2.2 KRG ELLR

4 2H i geg A ) (B AR 43 LU B Y P 3R DL &
1o ZAPEEOTHIF-2 Cho/Cr b AE H3.31 + 1.60,
2T REEOTHY1.39 £0.90, A B FHEER
(U=101.000, P<0.001)(El1~3), Cho/Crtt{E %5
RS AYEEOTHY BH S AUCHT 2. 150
0.901 (95% CI: 0.815~0.985)(/&l4), 2 FHEEOT
HSEYINAA/CrHH 79.43 +5.20, M S ETREME
FfIRE 12,54 + 2.20, A B E M2 5 (U=95.000,
P<0.001)(I&12~3), NAA/Crbt {8 % 51 5L 55 A2 Fibk
EOTH B{H 2 AUCH5245.50F10.907(95% CI:
0.830~0.976)(&14) . PILL[E]F-3 Lac/Cr U fE A I 2
FMEYE F(U=0.078, P=0.743), Lipl&%dEi/b,
KRIATH 5007

Lactate (neg)
1:350

cr
258

NAA
1:9.39

: NNu;lﬁ*N‘V\WWWf"\'\J\N/”‘/\ A fﬂ““m

B 1 IEFRMEERE H-MRSKIN
A BB R BRI B B L R T BINAAIG F Choll, NAA/Cr=3.36, Cho/Cr=0.78

B2 OPEEiHMER RERE H-MRSE N

Az FOROITIWIY IR /R B BE VRS 2 A BELE N s B B (o WUE SR X S THE D C B T UL b B T i AN A A R A2 i)

Chollt, NAA/Cr=7.36, Cho/Cr=4.25



2016, Vol.25, No.1

'H-MRS¥£ 5| RIS R L 5 MOV ERENNME $ 19

| ] ]

B3 INEFRMERREME H-MRSEI

A: PEEALE; B: JORAITIWIG SRS Hh2k nl YA R T1 s BN A AL | 422 7185 B Chollde S 8] B Laclég,

Lac/Cr=4.79; C. VWLEAG#EVEREZ K R A0IE, BESETTIE AL

A ROC 1%k 1
10 T
08 1
0.6
18
04 1
02
0.0 02 0.4 06 038
I-RRE

NAA/Cr=10.84, Cho/Cr=2.25,

ROC ik 2

10 -

08 |

06 |

04 |

02 .

0.0 02 04 06 0.8 1.0

RRE

B 4 Cho/CriANAA/CrERI RS RIEEOTHIROCH &
A: Cho/Cr; B: NAA/Cro %RIBI{ESM42.15515.50, AUCS3140.901410.907

F1 RESTHRMEEEEMEREMIEERS LLERM L
R Rk & Ul PfH
NAA/Cr 2.54+2.20(1.43~3.45) 9.4315.20(5.30~11.41) 95.000 0.000
Cho/Cr 1.3940.90(1.02~1.54) 3.31£1.60(2.12~3.92) 101.000 0.000
Lac/Cr 9.45+6.10(6.10~16.60) 8.67+4.50(5.08~17.83) 0.078 0.743
AT Bl T35 S I6 R I T 24 5
33 © FARITE, wRABERNFE DI kT

PSR R Pl R B | TR R
e, RS A AR IR 2 [ AR 3 2 AR o
FY BEOTI S, BEFEMFFT s % HIMRIZE %
1) L LA A R A R AR R R L ES
TR A2 | B IR IR AR 257 T
AT RSB, S S RIFAME 2, 52
SRR IR 5 R RN bR B F AR 2 ORTR], A

AR, X EHRFEAAELEE L, MRIJBER
A BN R A - MRS 0k LY 14
M4 Z5ANTE, A BT S ) ) 2 5 A o 8
L et prER e

T ZWFFE s A R O SR MR S B i
AN[E]-T Massuger%“sléﬁ'\xrj‘gﬂ%ﬂ?@ﬁ@%?&
HEFTARAN H-MRSBESY, &30 R 9 S 4 AR
I 2253 . Boss %N B EL A A AR A1



- 20 - 'H-MRS% 5 R 5 32 M1 T 52 0P S AR E 0N E

2016 £ 1 R 25 58 1 8

'H-MRS/#Hr & BL36F i, Hodg JLRp R
VIR EETE OB E 2 MR E X5, T
FER TS 1) FER AT RSN H-MRS, F 2058
et FF 06 1 B LU AR S A iebogg AR A2 1k . Stanwell
AN R B AR (OMR ST ik 7R, Cho/Cr > 3.09
LR EANENE . Chol B U Cho/Cr < 1.154% 7R
KPERRE s EIZBIESE ) L6 iR A 3 T ORI
A, IREN TAiger: | RSP RS I A
JaH . AHFSY R BAEFNSE B RE 28 W %) Cho/
Cr¥{H 2 %1°M1.39 + 0.9013.31 + 1.60, ROCH
20N M 5 A AL IR Y B 2,15, AUCSH
0.901. FILHEM Cho/Cr FUAE A R/ INAT Js ik 1
WPRRIE, LIRUE T N SRR A G Y 22 57 1T g e
LS PN
NAASEA N2 Tehrie, (HHEHIFARRT
TR RS, SRR EENN AT UL2.0 ppmit 1y
NAAWE , FIEIOR A N-Z BB A", Boss
M Hascalik 5 I BFIE BN, JRBME BRI
4 B LA IRt ] W BINA A . Kolwijek 2%
PL, ORI R E O BERAE2.0~2.1 ppmAbIEHRIGTE
SO NA AT 1 SOREAR I N- A& P 2k
I, TakeuchiZe"WFoE KB, FiA ZhRIE 0
SRy al ULURH T ONAA AR R ER
LI TC A T WA IRAYNAALE | $E/RNAAIGA
B TR R S AR R E I . RS B,
A A PR L R A ] L d T AN A A
1§, NAA/CrltAE(9.43 + 5.20)8 i & T B4 Mg
(2.54 +2.20), FHULHENIBA 2 S PN A AR A8
S, HAE 4550, AUCH0.907,
Lac e JC 2R BE A 00 Ie 2 =, 1B W i
BORES TFHLA N T Laclg, HILacl&iErE—EfE
JE T S R B A AT R, R A AE K S 4t
A A BT o SR i A R, it
AARRKRRMEMIEIA R, 5 HEizlE, Massuger
SEIOTHZAE 0 IR VP Lac ¥ 2 R 1 0 i
4%, AN M A S 45 SR . Okada
AP HascalikZEP VL P, 507 (K Lac g R 2
AR R oM B . AR B, BRI SE AP
Jibga e vy DL E “fBIE” Lacld, HPRWE T AL
EAEMWA M TG 2= 225, HILpEaIT
B Lacl§ Uik fEmf I W g PR, 45 & oAt

RPN Chol . NAAIE

ARWFTAFAE— LRI . B, AR
REREM M2 R R TR, RIERE R
AN, i AR I e S Ry LU B AT REAEAE
BeZE o HAR, ASBIFGEHh S L i 2 A 1) 16145 D
A, URERS A R o S A AR Ol . )
OIS IR B S L A — R 2 5, ARWESR
A0 EE - IfrIed S A AT, AN R RIS s e g
AL ARARIRIR I .

25 PRk, TE/R'H-MRSAE 7R B Fiss i
PEBEPEEOTHACIIRAE , 58 AV I8 BE Y 1) Cho/
CrAINAA/Crid (AR 53 FUARLBA S 5 7 R A g
FIFH PP A (B A o AR 1) R 5 2 A
PEFEEEOTHATH S TR %

[1] COX KL, BAUMGARTEN D, MITTAL P. MR
findings in cystic ovarian tumors [J]. Contem Diag Radiol,
2014, 37(6): 1-6.

[2] SEIDMAN J D, RUSSEL P, KURMAN R ]. Surface
epithelial tumors of the ovary [M]. NewYork: Springer,
2002: 791-904.

[3] BENT C L, SAHDEV A, ROCKALL A G, et al. MRI
appearances of borderline ovarian tumours [J]. Clin
Radiol, 2009, 64(4): 430—438.

[4] LALWANI N, SHANBHOGUE A K, VIKRAM R, et
al. Current update on borderline ovarian neoplasms [J].
AJR, 2010, 194(2): 330—336.

[5] SONG T, CHOI C H, KIM H ], et al. Accuracy of
frozen section diagnosis of borderline ovarian tumors [J].
Gynecol Oncol, 2011, 122(1): 127—-131.

[6] BAZOT M, NASSAR-SLABA ], THOMASSIN-
NAGGARA I, et al. MR imaging compared with
intraoperative frozen—section examination for the
diagnosis of adnexal tumors: correlation with final
histology [J]. Eur Radiol, 2006, 16(12): 2687—2699.

[7] LEVINE D, BROWN D L, ANDREOTTI R F, et al.
Management of asymptomatic ovarian and other adnexal
cysts imaged at US: Society of Radiologists in Ultrasound
Consensus Conference Statement [J]. Radiology, 2010,
256(3): 943—954.

[8] FADER A N, ROSE P G. Role of surgery in ovarian
carcinoma [J]. J Clin Oncol, 2007, 25(20): 2873—2883.

[9] BOOTH S J, PICKLES M D, TURNBULL L W. In
vivo magnetic resonance spectroscopy of gynaecological

tumours at 3.0 T [J]. BJOG, 2009, 116(2): 300—303.



2016, Vol.25, No.1

'H-MRS¥£ 5| RIS R L 5 MOV ERENNME -2

[10]

(1]

[12]

[13]

[14]

[15]

[16]

BOSS E A, MOOLENAAR S H, MASSUGER L F, et
al. High—resolution proton nuclear magnetic resonance
spectroscopy of ovarian cyst fluid [J]. NMR Biomed,
2000, 13(5): 297—305.

STANWELL P, RUSSELL P, CARTER ], et al.
Evaluation of ovarian tumors by proton magnetic
resonance spectroscopy at three Tesla [J]. Invest Radiol,
2008, 43(10): 745—751.

MOHAGHEGH P, ROCKALL A G. Imaging strategy
for early ovarian cancer: characterization of adnexal masses
with conventional and advanced imaging techniques [J].
Radio Graphics, 2012, 32(6): 1751-1773.

LR, ikath, R FRAMRIMHE LA A X
B TR GMERT IR AGMA []]. P At 2 &, 2015,
49(5): 364—368.

ZHAO S H, QIANG J W, ZHANG G F, et al.
Diffusion—weighted MR imaging for differentiating
borderline from malignant epithelial tumours of the ovary:
pathological correlation [J]. Eur Radiol, 2014, 24(9):
2292-2299.

MASSUGER L F, VAN VIERZEN P B, ENGELKE
U, et al. 'H—magnetic resonance spectroscopy: a new
technique to discriminate benign from malignant ovarian
tumors [J]. Cancer 1998, 82(9): 1726—1730.

ANDRE E, XU M, YANG D, et al. MR spectroscopy

[17]

(18]

(19]

[20]

[21]

in sinus mucocele: N—acetyl mimics of brain N—acetyl
aspartate [J]. AJNR, 2006, 27(10): 2210—2213.
HASCALIK S, CELIK O, SARAC K, et al. Clinical
significance of N—acetyl—L—aspartate resonance in ovarian
mucous cystadenoma [J]. Int ] Gynecol Cancer, 2006,
16(1): 423—447.
KOLWIJCK E, ENGELKE U F, VAN DER GRAAF M,
et al. N—acetyl resonances in in vivo and in vitro NMR
spectroscopy of cystic ovarian tumors [J]. NMR Biomed,
2009, 22(10): 1093—1099.
TAKEUCHI M, MATSUZAKI K, HARADA M.
Preliminary observations and clinical value of N—acetyl
resonances in ovarian tumours using in—vivo proton MR
spectroscopy at 3T [J]. Eur Radiol, 2011, 21(12): 2640—
2646.
OKADA T, HARADA M, MATSUZAKI K, et al.
Evaluation of female intrapelvic tumors by clinical proton
MR spectroscopy [J]. ] Magn Reson Imaging, 2001, 13(6):
912-917.
HASCALIK S, CELIK O, SARAC K, et al. Metabolic
changes in pelvic lesions: findings at proton MR
spectroscopic imaging [J]. Gynecol Obstet Invest, 2005,
60(3): 121-127.

(McAE B H: 2016—-02-18)





