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This study examines the potential of '*C-methionine as a PET
tracer in metabolic imaging of benign and malignant ovarian
tumors. Methods: Four patients with one or two benign ovarian
tumors (endometriomas or cystadenomas), two patients with a
tumor of borderline malignancy and seven patients with ovarian
cancer were studied with ''C-methionine and PET before lap-
arotomy. CT or MRI were performed as a reference. Tracer
uptake was quantitated by calculating tracer standardized up-
take values (SUVs) and the kinetic influx constants (K; values).
Resuilts: Benign or borderline malignant tumors did not accu-
mulate ''C-methionine, whereas all carcinomas had significant
uptake. The mean SUV of the primary carcinomas was 7.0 (s.d.,
2.2), and the mean K; was 0.14 min~" (s.d., 0.1 min™"), but the
distribution of tracer uptake was highly heterogenous in four of
six tumors. Conclusion: Ovarian cancer can be imaged with
11C-methionine and PET. This method also may be of value in the
differential diagnosis between benign and malignant ovarian neo-
plasms. Due to physiological accumulations and methodological
limitations, the value of ''C-methionine PET in the staging of
ovarian cancer appears to be limited.
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Ovarian cancer is the most lethal of all gynecologic
cancers. At its early stages, symptoms are rarely present,
and therefore in about two-thirds of cases the disease has
already spread beyond the pelvis at the time of diagnosis
(1). Stage at diagnosis is one of the major prognostic
factors in ovarian cancer (2). The diagnosis and staging of
ovarian cancer are currently based on surgery and his-
topathological findings, although modern imaging tech-
niques have been introduced for preoperative evaluation of
the disease (3). Ultrasonography, CT and MRI, however,
lack the potential for distinguishing benign reactive changes
from cancer infiltration (4).

Metabolic imaging with PET has been shown to be an
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effective method to detect cancer. The first PET studies on
ovarian cancer were done with [**F]fluoro-2-deoxy-D-glu-
cose (['®F]JFDG). Wahl et al. demonstrated accumulation
of [*®F]FDG into ovarian adenocarcinoma in a nude mouse
model (5) and later found it feasible to image human
ovarian cancer with ['*F]JFDG and PET (6). It has been
suggested that PET with ['®FJFDG may have potential in
the differential diagnosis between malignant and benign
ovarian tumors (7) and in imaging recurrent ovarian carci-
noma (8,9), but results have not been consistent (10).

An essential amino acid, methionine, labeled with '!C
(L-[methyl-''C]methionine, ''C-methionine), has been
found to be a valuable tracer for metabolic imaging of
human cancer. Brain (/1) and lung tumors (12), non-
Hodgkin’s lymphoma (13), breast cancer (I4), head and
neck cancer (15) and uterine carcinoma (16) have already
been successfully studied with 'C-methionine and PET.
Furthermore, high uptake of ''C-methionine may correlate
with poor histological grade of differentiation in brain (17),
lung (18) and uterine (16) cancer and with high cell pro-
liferation rates in carcinomas of the breast (14) and lung
(19), which suggests that tissue uptake of methionine may
reflect the biological aggressiveness of cancer.

In this study, we investigated the potential of }*C-methio-
nine as a tracer for PET in imaging of human ovarian tumors.

METHODS

Patients

Thirteen patients (aged 26-69 yr, mean 54 yr) with ovarian
neoplasms admitted to the Department of Obstetrics and Gyne-
cology at Turku University Central Hospital between March 1993
and March 1994 participated in the study. Twelve patients had a
primary ovarian tumor and one patient had a recurrent tumor. The
body mass index (BMI) calculated as weight in kilograms divided
by the square of height in meters (20) varied from 19.9 to 41.7
kg/m? (median, 25.3 kg/m?).

All patients underwent surgery within 1 mo after the PET study.
Based on histopathology of the specimens taken at surgery, seven
women had ovarian carcinoma, two had an ovarian tumor of
borderline malignancy and four had one or two benign neoplasms
of the ovary (either endometriomas or serous or mucinous cysta-
denomas, Table 1). The seven malignant tumors consisted of four
adenocarcinomas of endometrioid type (one of which was a recur-
rent cancer), two serous cystadenocarcinomas and one clear-cell
carcinoma. One of the two tumors of borderline malignancy was
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TABLE 1
Tumor Characteristics and Imaging Results

Size of solid Cyst wall
Histology, grade Tumor size component thickness CA 12-5
Patient no. and FIGO stage (cm) (cm) (mm) (WAiter) Suv K, (min~")

1 Serous cystadenoma 4x3X%X5 no 10 53 13 0.03
Endometrioma 4x3x%X5 no 15 1.8 0.04
Endometrioma 6x5x%x9 no <3 nd. 19 0.03
3 Endometrioma 8x9x12 no <3 230 23 0.04
Endometrioma 4xX4X%5 no <3 27 0.05
4 Mucinous cystadenoma 7X6x4 Ix2x2 nd. nd 3.6 0.05
5 Mucinous cystadenoma 14 %20 X 19 12x1x2 nd. 43 26 0.04
6 Mixed neoplasm 8X7x7 no <3 63 23 0.05
7 Serous, Grade 1, Stage lliC 9X7x8 5X2x2 nd. 1680 39 0.05

5X6X6 3x1x3 nd.

3x3x4 2x2x%x2 nd.

3x3x3 no <3

3x3x4 2X2x2 nd.
8 Serous, Grade 2, Stage IlIC nm. 3300 75 0.09
9 Endometrioid, Grade 2, Stage I1A 7XxX12X7 2X7X7 nd. 195 84 0.17

3x3x3 nd.
10 Clear-cell, Grade 2, Stage IIB 13x20x 19 12X5x%x9 nd. 308 10.2 0.32
1 Endometrioid, Grade 3, Stage IV 17X 15x 18 no <3 2040 53 0.08

5X10%X6 5X 10X 6 no
12 Endometrioid, Grade 3, Stage IV n.m. 660 6.5 0.15
13 Endometrioid, Grade 3, recurrent ca. 6x5x8 6xX5x8 no 86 8.0 0.14

n.d. = not determined; n.m. = not measurable; ca. = carcinoma.

mucinous cystadenoma and the other a neoplasm of mixed type
that consisted of a borderline malignant Brenner’s tumor and
serous cystadenoma. Histological investigation and grading were
done without knowledge of the PET data. Surgical staging of the
cancers was done according to the International Federation of
Gynecology and Obstetrics (FIGO) (21).

All PET studies of the primary neoplasms were performed prior
to any treatment for ovarian tumors. Patient 8 had been irradiated
for cervical cancer 27 yr earlier. In Patient 13, the recurrence
occured 5 yr after the primary surgery and following chemother-
apy. All patients had fasted for at least 4 hr before imaging.

Written informed consent was obtained from all patients. The
study was approved by the Ethical Committee of Turku University
Central Hospital.

Morphologic Imaging

CT was performed before surgery for morphologic reference
imaging and accurate localization of the sites of interest in all but
one of patient. The slice thickness was 5 or 10 mm. Intravenous
contrast enhancement was used in every patient except Patient 12,
who was allergic to the iodine-containing contrast agent. Patient 6
was imaged with MRI. T2-weighted axial and sagittal images were
obtained, with a slice thickness of 10 mm. PET and CT/MR
imaging were performed within 7 days except in Patient 4, for
whom the time interval was 18 days. The scans were interpreted by
one radiologist with expertise in radiology of the female genital
organs without knowledge of the results of the PET study or
surgical and histological findings.

PET

Carbon-11-methionine was synthesized at the Radiopharma-
ceutical Chemistry Laboratory of Turku University Cyclotron/PET
Center as described by Lingstrom et al. (22) with slight modifi-
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cations. The radiochemical purity of the tracer was measured as
described elsewhere (23) and was over 94% (median, 96.8%). The
impurities were ''C-methionine sulfoxide and D-[''C]methionine,
which were present in about equal amounts.

The PET scanner used in the study acquires 15 contiguous slices
simultaneously with an axial resolution of 6.7 mm and spatial
resolution of 6.5 mm measured according to Spinks et al. (24).

To correct for photon attenuation, a transmission scan was
obtained prior to emission imaging with a removable ring source
containing %®Ge (total collected counts over 150 X 10°). A bolus of
"'C-methionine (mean 303 MBgq; range 280-350 MBq) was in-
jected into a peripheral vein of the upper extremity and dynamic
emission acquisition followed for 40 min (4 X 30 sec, 3 X 60 sec,
5 X 180 sec and 4 X 300 sec). All data were corrected for
deadtime, decay and photon attenuation and were reconstructed
in a 256 X 256 matrix with a Hann filter (cutoff frequency 0.5).

Radioactivity in plasma was measured from 16 to 21 blood
samples taken from an antecubital vein of the preheated arm
contralateral to the injection site. The low molecular weight frac-
tion of plasma taken at 20-25, 40, and 60 min after injection was
separated by fast-gel filtration for radioactivity measurements (25).

Image Analysis

Dynamic frames were summed together from 5 to 40 min, and
localization in the tissues of interest was confirmed using the CT or
MR images. Comparison was made visually by comparing the PET
images printed on paper with CT/MR images on film. Regions of
interest (ROIs) were drawn on the hot spots of both the tumors
and normal tissues in the last frame of the dynamic image. ROIs
in the normal tissues were drawn in the acetabulum, iliac and
sacral bones, bladder and the intestinal area, if they were clearly
visible and reliably identifiable on the last dynamic image. ROIs
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with the maximum average counts were selected to represent
"'C-methionine uptake in the tissues.

Tracer accumulation in the ROIs was measured using the stan-
dardized uptake value (SUV), which is the activity concentration
in a ROI divided by the injected dose normalized to the patient’s
weight (26). The ''C-methionine uptake rate from the plasma into
the tissue was calculated as influx constants (K; values) using the
Patlak et al. (27) graphical method, an approach in which the
input function was originally based on arterial samples. The activ-
ity concentration of the low molecular weight fraction of plasma
was used as the input function. The last eight data points repre-
senting the time from 8 to 40 min after the tracer injection were
used to produce the influx curve.

Statistical Analysis

The quantitative results between different groups were com-
pared with Student’s t-test for unpaired data. All p values are
two-sided.

RESULTS

Benign and Borderline Malignant Tumors

There was little uptake of !'C-methionine in histologi-
cally proven benign tumors or the two tumors of borderline
malignancy. In two patients with ovarian endometriomas
(Patients 2 and 3), the tumors were seen in the PET image
as areas with little tracer uptake (Fig. 1), while one endo-
metrioma, a serous cystadenoma (Patient 1) and a muci-
nous cystadenoma (Patient 4) were not clearly distinguish-
able from the adjacent tissues in the PET scan. Similarly, a
mucinous cystadenoma of borderline malignancy (Patient
5) and a borderline neoplasm with composite histology
(Patient 6) presented as a cold area with less activity than
was found in the surrounding normal tissues (Fig. 2). The
mean SUV of the benign tumors was 2.3 (s.d. 0.7; range
1.3-3.6) and the mean K; 0.04 min ™" (s.d. 0.01 min~'; range
0.03-0.05 min~").

Primary Carcinomas

Unlike the benign and borderline malignant tumors, all
primary carcinomas accumulated ''C-methionine, but the
distribution of uptake within the tumors was usually heter-
ogenous. Four of the six primary carcinomas had both cystic
and solid components. In these patients, the cysts appeared
as black areas with no clear uptake of ''C-methionine,
while the solid parts of the tumors were visible (Fig. 3).
Precise delineation of the carcinomas from the adjacent
tissues was often difficult in the PET image. The mean SUV
of the hot spot regions of the six primary carcinomas was
7.0 (s.d. 2.2; range 3.9-10.2), and the mean K; was 0.1
min~! (s.d. 0.1 min~'; range 0.05-0.33 min~"). The differ-
ence between the SUVs and the K values of malignant and
benign tumors was significant (p < 0.001 for SUVs, p =
0.007 for K;). There did not appear to be any correlation
between the SUVs and K values of the malignant tumors
and histological grade, FIGO stage or serum CA 12-5
levels, although the smallest SUV and K; were measured in
our only patient with well-differentiated carcinoma (Table
1). In addition to the ovarian tumor with a SUV of 7.5, two
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FIGURE 1. (A) PET and (B): CT images of Patient 3 with a duplex
uterus (U). There are two large endometriomas (E), one in each
ovary, with no accumulation of methionine, and one leiomyoma in
the left uterus (M) with a SUV of 3.5. The hip joints and the sacrum
also accumulated 'C-methionine.

inguinal 3-cm lymph node metastases with SUVs of 6.3 and
5.5 were visualized in Patient 8.

The recurrent ovarian cancer (Patient 13) turned out to
be a solid tumor without cystic regions at surgery. The
tumor was clearly visualized on the PET study as a homog-
enous hot spot with a SUV of 8.0 and a K; of 0.14 min~!
(Table 1).

Physiological Accumulations of Carbon-11-Methionine
in the Lower Abdomen

The bowel clearly accumulated ''C-methionine. The
mean SUV of the bowel in patients with no peritoneal
carcinosis at surgery was 5.7 (n = 5; s.d. 1.8) (Fig. 4) and 5.9
in the two patients (Patients 7 and 12) with peritoneal
carcinosis.

Physiological accumulation of ''C-methionine also was
detected in the endometrium and pelvic bones. The mean
SUV of the benign endometrium was 4.7 (n = 4, s.d. 0.9),
the acetabulum 4.8 (n = 8§; s.d. 1.1), iliac bone 5.1 (n = 7;
s.d., 1.4) and sacral bone 5.3 (n = 7; s.d. 1.4, Fig. 4). The
mean K; value of the benign endometrium was 0.10 min ™"
(n = 4, 5.d. 0.04 min~'), acetabulum 0.09 min~' (n = 8; s.d.
0.02 min "), iliac bone 0.09 min~! (n = 7; s.d. 0.01 min~!),
and sacral bone 0.10 min~! (n = 7; s.d. 0.02 min~"). The
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FIGURE 2. (A) PET and (B) MR images of Patient 6 with mixed
neoplasm (T) of the ovary with no accumulation of methionine. High
accumulation is seen in the bowel, especially on the ventral side of
the tumor (B).

bladder was visualized in Patients 6 and 8, with SUVs of 7.9
and 11.7, respectively.

The SUVs of !'C-methionine in ovarian cancer were
higher than those in the acetabulum (p = 0.02) or the iliac
bone (p = 0.05) and tended to be higher than those in the
endometrium (p = 0.06) or sacral bone (p = 0.08), but no
such difference was found between !'C-methionine uptake
in cancer and the bowel (p = 0.27). No such associations
were found when the K values measured in ovarian cancer
and those found in the normal tissues were compared (p >
0.1 for all comparisons).

DISCUSSION

In the present series, all malignant ovarian tumors sig-
nificantly accumulated ''C-methionine, whereas benign or
borderline malignant neoplasms did not. These results sug-
gest that PET with ''C-methionine might help in distin-
guishing benign from malignant ovarian tumors. Only one
of the primary cancers in this series, however, manifested as
a homogenous hot spot (Patient 9); the remaining carcino-
mas had irregular patterns of tracer uptake. This is in
accordance with the pathology of most ovarian carcinomas,
since these neoplasms are often partly cystic and the soft-
tissue component may be scanty. In many subtypes of be-
nign tumors, the solid components may be even smaller,
and the cyst walls can be only a few millimeters thick. Thus,
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FIGURE 3. (A) PET and (B) CT images of Patient 9 with endo-
metrioma. The tumor was large and cystic (C) with solid compo-
nents (S) where the SUV and the K; value were measured.

tracer accumulation in only a few millimeter thick layers of
tissue may not be detected with the resolution capacity of
current PET equipment. The partial volume effect may also
diminish the potential for their detection.

Physiological uptake of ''C-methionine in normal tissues
can be used as a landmark when locating lesions in a PET

. SUV

ca em ac b sb int

FIGURE 4. SUVs of malignant and some normal tissues (mean
and range). ca = primary ovarian cancer (n = 6); em = benign
endometrium (n = 4); ac = the acetabulum (n = 8); ib = the iliac
bone (n = 7); sb = the sacral bone (n = 7); int = normal intestinal
area (n = 5).
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study (e.g., in the head and neck region). In the lower
abdominal area, variable and quite high accumulation of
1C-methionine in the bowel interferes markedly with the
localization and delineation of tumors, even if CT or MRI
are used as a reference. Hence, staging of ovarian cancer is
hampered by active physiological uptake in the intestine,
and malignant lymph nodes with small cancer deposits and
peritoneal implants of cancer may be masked by ''C-me-
thionine uptake in the bowel.

Ovarian cancer has been reported to be successfully
imaged with ['*F]JFDG PET (6-10). Fluorine-18-FDG may
have some advantages if compared to !'C-methionine for
imaging lesions located in the lower abdomen. FDG is
excreted into the urine, and high amounts of the tracer are
seen in the kidneys and bladder. These organs are usually
easy to identify in a PET image, and the bladder can be
irrigated during the scan. It is, however, currently unre-
solved if ['®FJFDG is effective in detecting small intra-
abdominal metastases of ovarian cancer (10). Furthermore,
most of the ["®FJFDG PET studies reported have consisted of
recurrent ovarian tumors (8-10) and only a few patients with
primary ovarian cancer have been imaged with [**F]JFDG.

Uptake of 'C-methionine measured in the benign endo-
metrium was similar to values from our earlier study and it was
lower than that in endometrial cancer (16). Although nine
patients had the bladder in the field of view, only two of them
had clear accumulation of activity in the bladder. They had no
known disease of the kidneys or the bladder, serum creatinine
levels were normal as were urine sediment analyses. Bladder
irrigation was not used in this study. We have observed similar
variability in bladder activity in an earlier study (16).

CONCLUSION

All seven histologically confirmed malignant ovarian tu-
mors, unlike the benign or the borderline malignant tu-
mors, accumulated 'C-methionine. The often cystic struc-
ture of ovarian neoplasms however, and the relatively high
physiological accumulations of }'C-methionine in the bowel
may hamper tumor detection and therefore small tumor
deposits such as lymph node metastases and peritoneal
implants of cancer are difficult to detect with 'C-methio-
nine. Therefore, further studies are needed to establish the
value of !'C-methionine and PET in the differential diag-
nosis between benign and malignant ovarian tumors using
strict coregistration and fusion of CT/MR and PET images.
The usefulness of 'C-methionine PET in detecting recur-
rent ovarian cancer also requires study.
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