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Background

Ovarian cancer is the most frequent 
cause of death from gynaecologic malig-
nancy in the Western world with one in 
55 women developing ovarian cancer in 
their lifetime [1]. Up to 50% of women 
diagnosed with ovarian malignancy will 
not survive their disease [2]. This high 
mortality is due to the high proportion 
of women who are diagnosed with 
advanced stage disease [3, 4]. Disease 
stage at diagnosis is a key factor in pre-
dicting patient prognosis [2, 4]. Patients 
with early stage ovarian cancer (FIGO 
stage I-II) have 5-year survival rates of 
84% and may not require adjuvant che-
motherapy [5, 6]; however patients with 
advanced disease (FIGO stage III–IV) have 
a 5-year survival rate of only 29% [2]. 
Ovarian cancer is staged surgically, 
based on the International Federation of 
Obstetrics and Gynaecology (FIGO) sys-
tem [5] and takes into account the pri-
mary mechanisms of spread of ovarian 
cancer (i.e. local extension, intraperito-
neal seeding, lymphatic invasion and 
haematogenous dissemination [7]. How-
ever there is substantial evidence that 
the recommended surgery for ovarian 
cancer is often not performed [8, 9], 
especially when the preoperative diag-
nosis is that of a benign process [7] or 
performed by either a general surgeon 

or gynecologist [8, 9]. Accordingly, it 
has been shown that patients managed 
in a specialist gynecologic oncology unit 
have better outcomes [10].
Presently women with a clinical suspi-
cion of ovarian malignancy are assessed 
with a pelvic examination, analysis of 
serum tumor markers and pelvic ultra-
sonography (transvaginal and/or tansab-
dominal) [4, 7]. However all these tech-
niques suffer from limitations [4, 11, 
12] that ultimately result in only about 
25% of ovarian cancers being early stage 
(FIGO stage I) when diagnosed [2]. 
Radiologic imaging plays a significant 
role in the detection and characterisa-
tion of ovarian masses. Ultrasound 
remains the primary modality for initial 
evaluation of adnexal masses [13, 14] 
with CT being the standard for staging, 
monitoring response to treatment, and 
assessing for resectability and detecting 
recurrence [15]. Contrast-enhanced MRI 
may be helpful in cases of complex 
ultrasound findings [16, 17]; especially 
in pre-menopausal women or when 
serum markers are not raised [17]. PET is 
currently not recommended for routine 
diagnostic procedures but may have a 
role in assessing recurrent disease [18, 
19]. However, no imaging modality cur-
rently allows for the detection of micro-
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1 High grade serous carci-
noma with metastatic spread. 
A: TE 135 ms, TR 2000 ms, 
192 scans. Prominent 
resonances corresponding 
to choline-containing com-
pounds (3.23 ppm), creatine 
(3.04 ppm) and an inverted 
resonance at 1.31 ppm 
corresponding to lactate. 
B: Axial T2w (TE 98 ms, 
TR 4000 ms) image with 
voxel location shown. 
C: TE 135 ms, TR 2000 ms, 
192 scans. Resonances 
corresponding to choline-
containing compounds 
(3.23 ppm), creatine 
(3.04 ppm) and an inverted 
resonance at 1.31 ppm 
corresponding to lactate.
D: Axial T2w (TE 98 ms, 
TR 4000 ms) image with 
voxel location shown. 

scopic spread of ovarian cancer and a 
full staging laparotomy is required for 
accurate cancer staging [20]. 
Proton (1H) magnetic resonance spec-
troscopy (MRS) reports on tumor bio-
chemistry and metabolism [21, 22] and 
can be undertaken in vivo using the 
same hardware used in MR imaging. It 
has been shown that ex vivo 1H MRS of 
biopsied ovarian tissue can distinguish 
between malignant and benign tissues 
[23 –25]. Several recent studies have 
shown the utility of MRS undertaken on 
pelvic lesions including MRS of the ovary 
and cervix [26 –28]. We have demon-
strated that it is possible to acquire in 
vivo 1H MRS data at 3T and that this 
data may be used to preoperatively char-
acterize ovarian tumors thus allowing 
for the triaging of patients to appropri-
ate medical specialists [29].

Methods
Pelvic imaging for lesion localization was 
performed on a whole-body 3T clinical 
scanner (MAGNETOM Trio, Siemens 
Healthcare, Erlangen, Germany) in con-
junction with an eight-element phased-
array surface coil (USA Instruments, 
Aurora, USA). Patients were examined in 
the supine position and MR imaging 
consisted of orthogonal imaging to iden-

tify and define the ovarian mass which 
in turn allowed for the accurate place-
ment of each individual spectroscopy 
voxel. T2-weighted (T2w) turbo-spin 
echo images were obtained in the axial, 
sagittal, and coronal planes (TE 98 ms, 
TR 4000 ms, FOV 22 cm, matrix 266 x 
512, slice thickness 3 mm) while T1w 
spin echo (SE) images were also 
obtained in the axial plane in the same 
slice locations as the T2w acquisition 
(TE 25 ms, TR 450 ms, FOV 22 cm, 
matrix 224 x 448, slice thickness 3 mm). 
Single voxel spectroscopy (SVS) mea-
surements of ovarian tumors were 
undertaken following identification of 
lesions on orthogonal imaging. Spec-
troscopy was performed in the axial 
plane with each voxel carefully placed to 
sample the ovarian mass without con-

tamination from surrounding tissues as 
assessed from orthogonal imaging. Any 
areas of haemorrhage were avoided. 
All spectra were acquired using a double 
spin-echo, slice-selective technique 
(PRESS) [30], an echo time of 135 ms, a 
repetition time of 2000 ms, and 192 sig-
nal averages. This echo time of 135 ms 
was chosen to reduce the amplitude of 
the lipid and water signals through 
natural T2 relaxation effects as well as 
to facilitate the identification of lactate 
that has previously been suggested as a 
diagnostically important metabolite 
from previous in vivo studies of ovarian 
neoplasms [26, 27].
Magnetic field homogeneity adjustment 
was initially undertaken using the auto-
mated shimming program provided by 
the manufacturer. Following successful 

completion of prescan parameters the 
quality of the localized shim was 
checked and manually improved where 
possible with the results recorded for 
assessment of final MRS quality. 
Spectral processing and spectral recon-
struction was performed using software 
provided by the manufacturer (syngo, 
Siemens Healthcare, Erlangen, Ger-
many) and consisted of: water referenc-
ing (frequency shift correction) and 
Gaussian lineshape fitting (8 Hz) of the 
time domain signal followed by fast 
 Fourier transformation and then phase 
 correction (automatic zero-order phase 
correction and manual first-order phase 
correction) where necessary. 
Semi-quantitative spectroscopic analysis 
of tumors was performed after assessing 
the signals from lactate (1.31 ppm), 
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lipid (1.33 ppm), creatine (3.04 ppm), 
choline containing compounds (3.23 
ppm) and other prominent metabolite 
signals. The area under specific reso-
nances (integrals) were determined 
assuming Gaussian fits for lipid (Lip), 
creatine (Cr), and choline-containing 
compounds (Cho), and j-coupled fit for 
lactate (Lac). The ratio of Cho/Cr was 
calculated for each voxel studied. Eleva-
tion of this ratio has previously been 
reported in studies of many human can-

cers including breast [31]; thyroid [32]; 
prostate [33]. The presence of lactate, 
lipid and other prominent metabolites 
were also examined for their signifi-
cance [29].

Histopathology
Each excised tumor was fixed in 10% 
buffered formalin, paraffin embedded, 
sectioned at 5 μm and stained with 
 haematoxylin and eosin according to a 
standard protocol. Correlation was then 

made with the detailed pathology 
reports of the tertiary referral hospital 
from which the patients were recruited. 
Tumor sub-types were identified accord-
ing to the WHO Histological Classifica-
tion of Ovarian Tumors [34].
We have now completed two studies of 
which one is reported and the other an 
honors thesis where a further 7 cases 
were examined (unpublished data). In 
both these studies the presence of a 
Cho/Cr ratio greater than, or equal to 

Table 1: Summary of patient age, histologic fi ndings, lesion size, and clinical presentation 
in 14 ovarian tumors.

Taken from Stanwell et al. [29] with permission.

Patient Age (yrs) Pathology Size (mm) Clinical 
No.

1. 81 High-grade poorly 60 x 40 x 25 Rectal bleeding; LCA-125 (197)  
  differentiated serous carcinoma

2. 47 High-grade serous carcinoma 80 x 50 x 35 LCA-125; vaginal discharge; 
    mass on US

3. 45 Ovarian endometrioma 50 x 20 x 15 LCA-125 (208); 
    complex mass on US

4. 47 Moderately differentiated 105 x 90 x 100 Mass on US
  clear cell carcinoma

5. 45 Serous adenocarcinoma with 80 x 55 x 45 LCA-125; solid mass on US
  pelvic metastases (pouch of Douglas)

6. 57 High grade serous carcinoma with 40 x 35 x 20 LCA-125 (365); abdominal  
  pelvic (small bowel mesentery)   bloating
  metastases

7. 45 Mature cystic teratoma 140 x 120 x 60 Cystic mass on US

8. 56 High grade serous carcinoma with 80 x 80 x 55 LCA-125 (>700);    
  pelvic (omentum) and  complex mass on US
  abdominal (spleen) metastases

9. 53 Mature teratoma (struma ovarii) 110 x 110 x 70 Mass on US

10. 43 Benign serous cystadenoma 95 x 80 x 70 Bilateral complex masses on US

11. 69 Benign serous cystadenofibroma 65 x 30 x 25 Menorrhagia; bilateral 
    ovarian masses

12. 71 Benign serous cystadenofibroma 130 x 120 x 80 CA-125 (350); large 
    ovarian mass

13. 43 High-grade mucinous  150 x 110 x 90 LCA-125 (440); complex ovarian  
  adenocarcinoma with focal  mass on US
  involvement of ovarian surface

14. 38 Mature cystic teratoma 65 x 60 x 30 CA-125 (25); bowel symptoms

2 Mature cystic teratoma 
(cystic portion). 
A: TE 135 ms, TR 2000 ms, 
192 scans. Prominent reso-
nances at 2.07 ppm (consis-
tent with N-acetylasparate 
or sialic acid [29]) and an 
inverted resonance at 
1.31 ppm corresponding to 
 lactate. 
B: Axial T2w (TE 98 ms, TR 
4000 ms) image with voxel 
location shown.
Taken from Stanwell et al. 
[29] with permission.

3 Clear cell carcinoma. 
A: Axial T2w (TE 98 ms, TR 
4000 ms) image with voxel 
location shown. 
B: TE 135 ms, TR 2000 ms, 
192 scans. Prominent reso-
nances corresponding to 
 choline-containing com-
pounds (3.23 ppm) and 
 creatine (3.04 ppm).

4 Mature cystic teratoma 
(solid portion). 
A: Axial T2w (TE 98 ms, TR 
4000 ms) image with voxel 
location shown. 
B: TE 135 ms, TR 2000 ms, 
192 scans. Prominent reso-
nances corresponding lipid 
and an unknown resonance 
at 2.07 ppm. 
Taken from Stanwell et al. 
[29] with permission.
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Table 2: Summary of histologic and MR spectroscopic fi ndings in 14 ovarian tumors

3.09 was found to indicate that the 
tumor was likely malignant in nature. In 
contrast the complete absence of a cho-
line signal, or a Cho/Cr ratio less than, or 
equal to 1.15 was found to indicate that 
the tumor was benign in character. Ele-
vation of this ratio is probably due to an 
increase in choline-containing metabo-
lites though creatine may also increase 
with malignancy [28, 31, 35]. Choline-
containing metabolites are needed for 

Taken from Stanwell et al. [29] with permission.
–   signal not detected above baseline noise level; 
+   signal detected above baseline noise level; 
*   ratio not calculated due to non-detection of choline-containing metabolites. 

Patient Pathology Solid /  Water  Choline Cho/ Lactate
No.  cystic FWHM (Cho) Cr ratio

1. High-grade poorly Solid 9 Hz + 4.99 –
 differentiated serous carcinoma

2. High grade serous carcinoma Solid 13 Hz + 7.87 +

3. Ovarian endometrioma Cystic 18 Hz – * –

4. Moderately differentiated Solid 11 Hz + 18.46 –
 clear cell carcinoma

5. Serous adenocarcinoma Solid 10 Hz + 15.98 –
 with pelvic metastases
 (pouch of Douglas)

6. High grade serous carcinoma with Solid 12 Hz + 7.68 –
 pelvic (small bowel mesentery)
 metastases

7. Mature cystic teratoma Solid 5 Hz – * –
  Cystic 4 Hz – * +

8. High grade serous carcinoma Solid 7 Hz + 9.10 +
 with pelvic (omentum) and Cystic 5 Hz + 5.05 +
 abdominal (spleen) metastases

9. Mature teratoma (struma ovarii) Cystic 7 Hz + 1.15 –

10. Benign serous cystadenoma Cystic 7 Hz + 1.04 +

11. Benign serous cystadenofibroma Cystic 6 Hz – * –

12. Benign serous cystadenofibroma Cystic 17 Hz + 3.13 –

13. High-grade mucinous Solid 9 Hz + 3.09 –
 adenocarcinoma with focal
 involvement of ovarian surface

14. Mature cystic teratoma Cystic 7 Hz + 1.09 –

the synthesis of phospholipids in cell 
membranes, methyl metabolism, trans-
membrane signaling, and lipid-choles-
terol transport and metabolism. These 
results are consistent with others where 
elevated levels of choline-containing 
compounds have been reported in can-
cer cells [31, 35].
This in vivo MR spectroscopy method 
offers the possibility of reducing 
unnecessary radical surgery for younger 

women with genuinely benign disease 
who wish to conserve fertility. Further 
experience, with a larger number and 
variety of ovarian tumors, should yield 
an effective tool for pre-operative 
assessment of ovarian neoplasms that 
may ultimately lead to more appropriate 
triaging of patients and better outcomes 
for sufferers. 
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