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L-[methyi-''C]methionine ([''C]methionine) is probably one of
the most useful positron-emitting tracers for metabolic imaging of
human cancer. In this study, we investigated whether human
uterine cancer can be imaged with [''C]methionine and PET.
Methods: Fourteen patients with primary uterine malignancy
participated in the study. Eight patients had endometrial carci-
noma and six had cervical carcinoma. The normal endometrium
was analyzed in four additional patients with no uterine malig-
nancy and in one patient with cervical cancer. Tracer uptake was
quantitated by calculating both the standardized uptake values
(SUVs) and the kinetic influx constants (K, values) for the tracer.
Results: All patients with either cervical or endometrial carci-
noma had increased uptake of [''C]methionine in the PET im-
age. The mean SUV of the carcinomas was 8.4 (n = 13; s.d.,
1.5) and the mean K, was 0.15 min~* (n = 12; s.d., 0.08 min~?),
whereas the mean SUV of the normal endometrium was only 4.6
(n = 5; s.d., 0.8). Histologically poorty (Grade lIl) or moderatety
(Grade |l) differentiated endometrial carcinomas accumulated
more [''C]methionine than the well-differentiated (Grade I) ones
(p = 0.04 for the SUVs, and p = 0.05 for the K, values). There
were also variable physiological accumulations of [*'C]methio-
nine in the pelvis. Conclusions: Uterine carcinoma accumu-
lated [''C]methionine more than the normal endometrium. How-
ever, the physiological accumulations of [*'C]methionine in the
pelvis may confuse the interpreter of the PET image; thus, mor-
phological imaging also needs to be performed as a reference to
localize the tumor accurately. We conclude that human uterine
carcinoma can be effectively imaged with [''C]methionine and
PET.
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Computed tomography (CT) and magnetic resonance
imaging (MRI) are widely used to image uterine cancer,
whereas metabolic imaging of gynecologic cancer is still in
its infancy. Uptake of [*®*F]fluorodeoxyglucose in human

ovarian cancer (1,2) and in cancer of the fallopian tubes (3)
has been reported, but there are currently no human stud-
ies reported on accumulation of [!'C]methionine in gyne-
cologic cancer in the literature.

Methionine is an essential amino acid needed for protein
and polyamine synthesis and in transmethylation reac-
tions, and its metabolism is accelerated in malignant cells
(4). The increased utilization of this amino acid can be
measured by PET with radiolabeled L-[methyl-''C]methio-
nine ([*!C]methionine) used as the tracer.

Carbon-11-methionine has been successfully used for
metabolic imaging of brain (5) and lung (6) tumors, non-
Hodgkin’s lymphoma (7), breast cancer (8) and head and
neck cancer (9). The uptake of [''C]methionine appears to
correlate with the histological grade of brain (10) and lung
tumors (11), whereas an association between the grade of
differentiation of cancer and high [*'C]methionine uptake
could not be verified in small series of patients with head
and neck cancer (9) or lymphoma (7).

The aim of the present study was to investigate whether
human cervical and endometrial cancer can be imaged with
["'C]methionine and PET, and to study the association
between the uptake of [''C]methionine and histological
grade of uterine cancer.

PATIENTS AND METHODS

Patients

Fourteen patients with uterine malignancy who were admitted
to the Department of Gynecology and Obstetrics, Turku Univer-
sity Central Hospital between November 1992 and September
1993 participated in the study. Patient and carcinoma character-
istics are presented in Table 1. Eight patients had endometrial
carcinoma, seven of which were adenocarcinomas and one ade-
nosquamous cell carcinoma. Six patients had squamous-cell car-
cinoma of the uterine cervix. Staging of the tumors was done
according to the International Federation of Gynecology and Ob-
stetrics (FIGO) (12). Clinical staging was used for cervical cancer,
and surgical staging for endometrial cancer except for Patient 14
who did not undergo surgery. Tumor size was measured from the
CT or MR images. The body mass index (BMI) (13) was calcu-
lated as weight (kg) divided by the square of height (m?); it varied
from 20.0 to 36.6 kg/m? (median, 24.0 kg/m?).

Accumulation of [''C]methionine in the normal endometrium
was analyzed in four other women aged 35, 41, 48 and 50, who
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Patient and Tumor Characteristics
Patient Stage Histological

no. Age Location Histology (FIGO) grade

1 33 Cervix scc B "

2 83 Cervix sce A n

3 74 Cervix scc s ]

4 78 Cervix scc B ([}

5 73 Cervix scc ns "

6 35 Cervix scc [[]:] "

7 52 Endometrium ac 1A |

8 68 Endometrium ac 1A |

9 55 Endometrium ac B |
10 67 Endometrium ac B |
1 56 Endometrium ac 1B ]
12 48 Endometrium asc ne m
13 76 Endometrium ac IVA m
14 73 Endometrium ac v ]

scc = squamous-cell carcinoma, ac = adenocarcinoma, asc = adenosquamous-cell carcinoma.
Histologically well (Gr. I), moderately (Gr. I) or poorly (Gr. Ilf) differentiated.

underwent PET imaging for ovarian tumors (n = 2) or osseous
metastases from breast cancer located in the pelvis (n = 2). In two
of these patients, the uterus was found to be macroscopically
normal at laparotomy; it was also normal after histological exam-
ination. For all patients the uterus was normal on the CT images.
In addition, uptake in the normal endometrium was analyzed in
Patient 1 (Table 1), who had surgery for cervical cancer, and the
endometrium was found to be benign in histopathological exami-
nation.

All PET studies were performed prior to any treatment for
uterine cancer except for Patient 5 (Table 1), who had received
radiotherapy for four days (the total cumulative dose of 8 Gy)
prior to the PET study. All patients fasted for more than 4 hr
before the PET study except Patient 3 (Table 1) who had fasted for
2 hr.

Written informed consent was obtained from all patients and
the study was approved by the Ethical Committee of Turku Uni-
versity Central Hospital.

Histology

Histological verification was based on analysis of samples
taken at surgery (14, 15). If surgery was not performed (Patients 2,
4,5, 6, and 14, Table 1), histological evaluation was based on the
specimens taken by fractionated curettage and/or biopsy. Histo-
logical grading was done without any knowledge of the PET data.

CT and MR imaging

For accurate localization of the tumors, the endometrial cavity
and the uterine cervix, CT (General Electric CT Pace scanner)
and/or MRI (Siemens Magnetom 1.5 T superconducting unit) were
performed in all patients. In CT examinations, the slice thickness
was 5 mm or 10 mm. Intravenous contrast enhancement was used
in every case. T2-weighted axial and sagittal images were ob-
tained in MR examinations. Slice thickness was 5 mm or 8 mm.
No intravenous contrast enhancement was used. The CT and the
MR scans were interpreted by a radiologist with special interest in
radiology of the female genital organs, and who was aware of the
PET study results and the surgical and histological findings.
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PET Imaging

Carbon-11-methionine was synthesized at the Radiopharma-
ceutical Chemistry Laboratory of Turku University Cyclotron/
PET Center as described by Lingstrom et al. (16) with slight
modifications. The radiochemical purity of the tracer was mea-
sured as described elsewhere (17) and varied from 93.3% to 98.1%
(mean, 96.0%). The impurities were [*'C]methionine sulfoxide
and D-["'C]methionine, which were present in about equal
amounts.

An ECAT 931/08-12 PET scanner (Siemens/CTI Corp., Knox-
ville, TN) was used for PET imaging. The device acquires 15
contiguous slices simultaneously with a slice thickness of 6.7 mm;
the transaxial FWHM in the center of the field of view measured
according to Spinks et al. is 6.1 mm (I8).

To correct for photon attenuation, a transmission scan was
obtained prior to emission imaging with a removable ring source
containing %3Ge (total collected counts over 15 x 10° per plane). A
bolus of [*!C]methionine (mean, 290 MBg; range, 200-350 MBq)
was injected 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 (cut-off frequency 0.5).

For Patient 6, imaging was performed for 34 min. Patient 5 was
investigated from 36 to 51 min after injection with three frames,
and was excluded from the kinetic analysis. The accumulation of
tracer in Patient 4 could not be quantitated for logistical reasons
and was only included in the qualitative analysis (Table 2).

Radioactivity in plasma was measured from 16 to 21 blood
samples taken from an antecubital vein contralateral to the injec-
tion site. The low molecular weight fraction of plasma taken at
20-25, 40 and 60 min after injection was separated by fast gel
filtration (Sephadex PD-10 columns, Pharmacia Fine Chemicals,
Sweden) for radioactivity measurements (19).

ROI Analysis
Dynamic images were summed together over a period from S to
40 min, and localization in the tissues of interest was confirmed
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TABLE 2

Cancer Detection
Patient Tumor size Endometrium

no. (mm) (mm)* CcT MRI Suv K
1 15 x 10 x 30 — no yes 8.8 0.15
2 15x 15 x 15 — yes yes 8.0 0.17
3 25x25x25 — yes yes 8.8 0.1
4 50 x 35 x 40 — yes yes nd. nd.
5 50 x 50 x 60 — yes nd. 8.3 nd.
6 60 x 50 x 60 — yes nd. 11.2 0.28
7 nd. 7 no nd. 6.4 0.09
8 nd. 8 no nd. 8.6 0.09
9 nd. 1 n.d. no 5.6 0.10

10 15 x 20 x 20 3 yes n.d. 73 0.10

1 nd. 5 no no 7.3 0.12

12 nd. 25 no nd. 83 0.10

13 10 x 80 x 50 >20 yes nd. 105 0.2

14 50 x 60 x 50 nd. yes yes 9.8 0.31

*Thickness of malignant endometrium determined by microscopy. n.d. =

not determined; SUV = standardized uptake value; K, = influx constant.

using CT or MR images. Regions of interest (ROIs) were drawn on
the hot spots of the tumor and on the normal tissues in the last
frame of the dynamic imaging. The ROIs in normal tissues were
drawn in the acetabulum, the iliac, the sacral and the pubic bones,
and in the intestinal area, if they were clearly visible and reliably
identifiable on the summed image.

Tracer accumulation in the ROIs was measured using the stan-
dardized uptake value (SUV), which is the radioactivity concen-
tration in a ROI divided by the injected dose and the patient’s
weight (20). The ROIs with the maximum average counts were
selected to represent [''C]methionine uptake in the tissues.

A graphical approach according to Patlak et al. (2 ) was used to
calculate the [*'C]methionine uptake rate from the plasma into the
tissue as influx constants (K; values). The radioactivity concen-
tration of the low molecular weight fraction of plasma was used as
the input function. The last eight data points representing the time
from 8 to 40 min after the tracer injection were used to produce the
influx curve.

Statistical Analysis

Student’s t-test was used to compare the SUVs and K values
between different groups. SUVs and K values were compared
with linear regression. All p values are two-sided.

RESULTS

All 14 carcinomas accumulated [''C]methionine in the
PET imaging, although the intensity of the uptake varied
(Table 2, Figs. 1 and 2). In comparison, CT was performed
in 13 patients, and cancer was detectable in only eight
patients. MRI was done on seven patients, and cancer
could be detected in five (Table 2). The cervical tumor of
Patient 1 could not be discerned from the surrounding
normal cervical tissue in a CT scan although intravenous
contrast enhancement was used. In T2-weighted MR im-
ages, the tumor was well delineated. In Patients 7, 8, 9, 11
and 12, the uterus could not be interpreted as abnormal
either on CT or MRI. The endometrial cavities were not
dilated, and the tumors were not large enough to be de-
tected by CT or MRI.
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The SUVs of the carcinomas varied from 5.6 to 11.2
(n = 13; mean * s.d., 8.4 + 1.5), and the K, values from
0.09 min~' t0 0.31 min~! (n = 12; 0.15 + 0.08 min!, Table
2). The K; values and the SUVs measured for the same
tumor correlated well with each other (n = 12; r = (0.78;
p = 0.003). The mean SUV of cervical squamous-cell car-
cinomas was 9.0 (n = 5; s.d., 1.2), and that of endometrial
carcinomas 8.0 (n = 8; s.d., 1.7; p = 0.12, Fig. 3).

For Patient 14, two pelvic and one vaginal metastases
visible in a CT and a MRI scan could be studied in addition
to the primary tumor (Fig. 3). The SUVs of the metastases
(7.7, 9.6 and 10.1) were similar to that measured from the
primary tumor (9.8). Two other patients had small lymph
node metastases in histological specimens that were be-

FIGURE 1. Carbon-11-methionine PET image of a patient with
cervical lar carcinoma that caused rosis
(Stage IlIB, arrow; Patient 6, Tables 1 and 2). The SUV of the tumor
is 11.2, and the K, value is 0.28.
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FIGURE 2. Carbon-11-methionine PET image of a patient with
endometrial adenocarcinoma (arrow) Stage |A (Patient 8, Tables 1
and 2). The SUV of the tumor is 8.6, and the K value is 0.09. The
small hot spot posterior to the uterine lesion is the bowel.

yond the resolution limit of the PET device, and they were
not visible on CT/MR scans either.

The uptake of ['C]methionine was generally higher in
the malignant lesions than in the normal tissues (Fig. 3).
The mean SUV of the acetabulum was 4.4 (n = 11; s.d.,
0.7), the iliac bone 5.3 (n = 11; s.d., 1.2), the sacral bone
5.8 (n = §; s.d., 1.3), the pubic bone 4.6 (n = 6; s.d., 1.3),
and the bowel 5.6 (n = 10; s.d., 0.95). The bladder was
visible in three patients with SUVs of 5.6, 6.6 and 16.1.

The mean SUV of the normal endometrium was 4.6
(n = §; s.d., 0.79, Fig. 3). Four of these patients were
premenopausal; two had the secretorial phase of the men-
strual cycle with a SUV of 5.5 and 5.2, and two others had
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FIGURE 3. The SUVs of malignant and some nommal tissues
(mean and range). cx = cervical cancer (n = 5), em = endometrial
cancer (n = 8), met = metastasis of endometrial cancer (n = 3),
bg = benign (normal) endometrium (n = 5), ac = the acetabulum
(n = 11), ib = the iliac bone (n = 11), sb = the sacral bone (n = 5),
pb = the pubic bone (n = 6), int = the intestinal area (n = 10).
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FIGURE 4. (A) Association between grade and the

SUV. (B) Association between histological grade and the K, value.
Grades |, Il and lli: well, moderately, and poorly differentiated carci-
noma, respectively. Star = cervical carcinoma, circle = endometrial
carcinoma.

the proliferative phase with a SUV of 4.6 and 4.2. The
remaining patient was postmenopausal with a SUV of 3.5.
The difference between the SUVs of the normal endome-
trium and those of endometrial carcinomas was statistically
significant (p = 0.0007).

The SUVs and the K; values of the tumors plotted
against the histological grade are shown in Figure 4, and
the SUVs against the FIGO stage in Figure 5. Poorly
(Grade III) or moderately (Grade II) differentiated carcino-
mas accumulated more [''C]methionine than the well-dif-
ferentiated (Grade I) ones (p = 0.01 for the SUVs, and 0.03
for the K; values). Similarly, in the subset of patients with
endometrial carcinoma (n = 8), the SUVs and the K values
were higher in poorly or moderately differentiated cancers
than in well differentiated ones (p = 0.04 and 0.0S, respec-
tively).
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FIGURE 5. The SUV of cervical (star) and endometrial (circle)
carcinomas by the FIGO stage.

DISCUSSION

All 14 uterine carcinomas were detectable in the
[**C]methionine image. The CT and the MRI findings were
interpreted by an experienced radiologist who was aware
of the clinical and PET data, however, all carcinomas were
not visible on the CT or MR scans (Table 2). Although PET
imaging with ['C]methionine is sensitive for detecting ma-
lignant changes in the uterus, it cannot replace CT or MRI
as a diagnostic tool at its present stage of development. CT
or MRI is needed to visualize the normal structures of the
pelvis and to ensure accurate localization of the hot spots
found in the PET image. Especially in the cases where the
tumor has low tracer uptake, the physiological accumula-
tions of [!CJmethionine may interfere with the PET anal-
ysis unless other imaging studies are performed. Although
the bladder was in the field of view, only three patients had
clear accumulation of activity in the bladder. The reason
for this variable accumulation is currently not known.
However, the activity in the bladder did not hinder analysis
of the nearby tissues in the present study, but it could be a
source of error if bladder tumors had been studied.

Uptake of ["'C]methionine was lower in the normal en-
dometrium than in endometrial cancer. However, the
effect of the menstrual cycle on the uptake of [*'C]methio-
nine is still unknown. Also, in patients with endometrial
cancer, hormonal status may contribute to methionine up-
take values. The relatively high uptake of methionine in the
normal endometrium may lower the specificity of [''C]me-
thionine PET to distinguish especially small, low-grade
malignant lesions from the normal uterus.

Patient 7 had atypical adenomatous hyperplasia with
focal adenocarcinoma present in the endometrium, and
patient 9 had only a 1-mm layer of invasive endometrial
adenocarcinoma that was histologically found in the myo-
metrium. The SUVs of these patients were the lowest
measured in this series (6.4 and 5.6, respectively) and ap-
proached the values found in the secretory phase of the
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normal endometrium in premenopausal women. The par-
tial volume effect lowers the measured tracer uptake values
of these small carcinomas. On the other hand, uptake of
methionine in reactive normal cells may also have contrib-
uted to the increased accumulation of ['!C]methionine in
these patients.

An association between poor differentiation grade of
carcinoma and high uptake of [!C]methionine was found.
Such an association was found when only patients with
endometrial cancer were analyzed, and also when all pa-
tients with either adenocarcinoma or squamous-cell carci-
noma were included in the same analysis. The association
between poor histological grade of differentiation and high
uptake of [''C]methionine is in line with earlier studies, in
which high ["*C]methionine uptake has been found in car-
cinomas of the breast and the lung with a high cell prolif-
eration rate (8 22). However, the result needs to be con-
firmed in a larger series of patients.

In conclusion, [''C]methionine and PET is an effective
method for imaging uterine cancer, although physiological
uptake of [''C]methionine in the bone marrow and bowel
also occurs. Further studies are needed to evaluate how
accurately [''C]methionine PET can differentiate malig-
nant lesions from benign tumors of the uterus, and to study
how the menstrual cycle influences ["'C]methionine up-
take. According to this study, PET with [''C]methionine
may be more sensitive than CT or MRI in detecting uterine
cancer.
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