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This study was designed to compare the value of PET using
11C-choline with that of PET using 18F-FDG for the diagnosis of
gynecologic tumors. Methods: We examined 21 patients, includ-
ing 18 patients with untreated primary tumors and 3 patients with
suspected recurrence of ovarian cancer. 11C-choline PET and 18F-
FDG PET were performed within 2 wk of each other on each
patient. The patients fasted for at least 5 h before the PET exam-
inations, and PET was performed 5 min (11C-choline) and 60 min
(18F-FDG) after injection of each tracer. PET images were corrected
for the transmission data, and the reconstructed images were
visually analyzed. Then, the standardized uptake value (SUV) was
calculated for quantitative assessment of tumor uptake. PET re-
sults were compared with surgical histology or �6 mo of clinical
observations. Results: Of 18 untreated patients, 11C-choline PET
correctly detected primary tumors in 16 patients, whereas 18F-FDG
PET detected them in 14 patients. In 1 patient with small uterine
cervical cancer and 1 diabetic patient with uterine corpus cancer,
only 11C-choline PET was true-positive. Both tracers were false-
negative for atypical hyperplasia of the endometrium in 1 patient
and were false-positive for pelvic inflammatory disease in 1 patient.
For the diagnosis of recurrent ovarian cancer (n � 3), 11C-choline
PET and 18F-FDG PET were true-positive in 1 patient, whereas
neither tracer could detect cystic recurrent tumor and microscopic
peritoneal disease in the other 2 patients. In the 15 patients with
true-positive results for both tracers, tumor SUVs were significantly
higher for 18F-FDG than for 11C-choline (9.14 � 3.78 vs. 4.61 �
1.61, P � 0.0001). In 2 patients with uterine cervical cancer, para-
iliac lymph node metastases were clearly visible on 18F-FDG PET
but were obscured by physiologic bowel uptake on 11C-choline
PET. Conclusion: The use of 11C-choline PET is feasible for im-
aging of gynecologic tumors. Unlike 18F-FDG PET, interpretation of
the primary tumor on 11C-choline PET is not hampered by urinary
radioactivity; however, variable background activity in the intestine
may interfere with the interpretation.
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Use of PET for detection and localization of cancer in
the body is based on its unique capability to evaluate met-
abolic activity in human neoplasms. The glucose analog
18F-FDG has proven useful as an oncologic PET probe for
many forms of cancer on the basis of accelerated rates of
glycolysis in malignancies (1–4). However, the utility of
18F-FDG PET for detecting malignant tumors in the pelvis is
unsatisfying because the abundant radioactivity excreted
into the bladder hampers the interpretation of images even
after voiding (5,6). Bladder irrigation, adequate hydration,
or iterative reconstruction of images may minimize but not
completely avoid this problem.

Carcinogenesis is characterized by enhanced cell prolif-
eration. Unlike glucose, choline is incorporated in cells
through phosphoryl choline synthesis and is integrated in
membrane phospholipids (7). Malignant transformation of
cells is associated with induction of choline kinase activity,
resulting in increased levels of phosphoryl choline for the
synthesis of membrane phospholipids (8). 31P magnetic
resonance spectroscopy has revealed an elevated level of
phosphoryl choline in various cancers, whereas the choline
metabolite is present at a low or undetectable level in
normal tissues (9,10). These findings may provide the ra-
tionale for the use of choline as a tumor-seeking agent.

PET with 11C-choline was first introduced for evaluation
of brain tumors (11,12). Brain tumors are characterized by
enhanced cell membrane synthesis, whereas uptake of 11C-
choline by normal brains is low, thus enabling tumor detec-
tion by PET. 11C-Choline PET has been more recently
studied for imaging prostate cancer (13,14). Because 11C-
choline shows only minimal radioactivity in the urinary
tracts and bladder of fasting individuals, prostate tumor can
be visualized more clearly on 11C-choline PET than on
18F-FDG PET. This fact implies that 11C-choline may be
feasible for the detection of pelvic tumors; however, little
has been known about the interpretation of gynecologic
tumors by 11C-choline PET. The present PET study was
designed to compare the value of 11C-choline PET with that
of 18F-FDG PET for the imaging of gynecologic tumors.
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MATERIALS AND METHODS

Patient Population
11C-Choline PET and 18F-FDG PET examinations were per-

formed on 21 patients (age range, 36–77 y; mean age, 60 � 13 y)
with gynecologic tumors (Table 1). Of the 21 patients, 18 patients
(patients 1–18) were untreated and underwent PET examinations
before surgery to evaluate the primary tumor and nodal staging.
Clinical staging was based on the International Federation of
Gynecology and Obstetrics (FIGO) system (15). Within 1 mo after
PET, 15 patients underwent surgery and 3 patients with uterine
cervical cancer in stage IIB (parametrial involvement) (patients
13–15) received a transarterial infusion of chemotherapy before
surgery. The other 3 patients (patients 19–21) were suspected of
having recurrence of ovarian cancer after initial surgery and che-
motherapy. The interval between 11C-choline PET and 18F-FDG
PET scans ranged from 1 to 15 d (mean, 3.8 d). All patients fasted
for at least 5 h before the PET studies because hyperglycemia may
reduce tumor 18F-FDG uptake (16) and physiologic 11C-choline
uptake in the pancreas and small intestine may be enhanced after
a meal (11). Serum glucose levels measured at the time of 18F-FDG
injection were normal in all patients, except for 1 patient with
diabetes (patient 10). All patients provided written informed con-
sent for participation in the study, which was approved by the
Ethics Committee of Hamamatsu Medical Center.

PET Imaging
The whole-body PET scanner we used was SHR22000

(Hamamatsu Photonics, K.K.) (17). The SHR22000 scanner per-
mits simultaneous acquisition of 63 transverse planes of 3.6-mm
thickness encompassing a 23.0-cm axial field of view. 18F-FDG
was produced according to the standard procedure (18). To mea-
sure the attenuation factor, transmission scanning was performed
with 5 bed positions covering the upper femur to the head for 5
min each on all patients. Static emission scanning was performed
over the same area for 6 min per bed position, starting 60 min after
intravenous administration of 18F-FDG (400–500 MBq). To re-
duce the accumulation of 18F-FDG activity in the urinary bladder,
patients were asked to void just before the emission scan started.

11C-Choline was synthesized by the reaction of 11C-methyl
iodine with dimethylaminoethanol, according to Hara et al. (11).
For the first 3 patients of this study, we performed dynamic
11C-choline PET imaging to estimate the time course of tumor
activity in the pelvis. After 10 min of transmission scanning,
dynamic emission scanning was performed after intravenous ad-
ministration of 11C-choline (500–600 MBq). The dynamic se-
quence consisted of ten 1-min scans and five 2-min scans for a
total scan time of 20 min. The time–activity curve showed that
tumor uptake rapidly reached a maximum at 3 min after injection
and remained almost constant afterward (Fig. 1). Thus, we decided
to start static emission scanning at 5 min after injection of 11C-

TABLE 1
Summary of Patients and Histology of Primary Tumors

Patient no. Age (y) Histology of primary tumor

Tumor Tumor SUV

Stage Size (cm) 18F-FDG 11C-CHO

Untreated primary tumor (n � 18)
Uterine corpus cancer

1 49 Endometrial adenocarcinoma IIIA 4 16.81 5.77
2 66 Endometrial adenocarcinoma IB 1 3.79 2.83
3 72 Endometrial adenocarcinoma IB 2.5 12.55 5.52
4 42 Endometrial adenocarcinoma IB 2.5 9.09 6.33
5 62 Endometrial adenocarcinoma IB 2.2 6.13 4.93
6 40 Endometrial adenocarcinoma IA 2.5 6.83 3.06
7 63 Endometrial adenocarcinoma IA 2 6.54 6.79
8 77 Carcinosarcoma IIIA 4 7.43 3.45
9 72 Carcinosarcoma IC 3 7.29 2.13

10 74 Clear cell carcinoma IB 1.7 FN 4.81
11 68 Atypical hyperplasia 0 NA FN FN

Uterine corpus cancer
12 68 Squamous cell carcinoma IIB 4 12.53 7.07
13 36 Squamous cell carcinoma IIB 3 9.49 4.43
14 47 Squamous cell carcinoma IIB 7.5 14.57 5.27
15 53 Squamous cell carcinoma IIB 3.7 10.95 5.53
16 54 Spindle cell carcinoma IB 0.9 FN 3.86
17 75 Ovarian mucinous cystadenocarcinoma IA 12 9.31 2.42
18 51 Pelvic inflammatory disease NA 5 8.13 6.02

(FP) (FP)
Recurrent tumor (n � 3)

19 66 Ovarian serous adenocarcinoma NA 1.5 3.75 3.63
20 69 Ovarian serous adenocarcinoma NA 2 FN FN
21 47 Ovarian serous adenocarcinoma NA NA FN FN

FN � false-negative; NA � not applicable; FP � false-positive.
Tumor size is longest diameter.

1052 THE JOURNAL OF NUCLEAR MEDICINE • Vol. 44 • No. 7 • July 2003



choline. For 3 patients suspected of having recurrent ovarian
cancer, we performed whole-body 11C-choline PET for the detec-
tion of metastatic diseases. Transmission scanning was performed
with 5 bed positions for 5 min each, and static emission scanning
was performed over the same area for 6 min per bed position,
starting 5 min after injection of 11C-choline (600–700 MBq). For
the remaining 15 patients, we performed 11C-choline PET scanning
covering the pelvis and lower abdominal region. After transmis-
sion scanning with 2 bed positions for 8 min each, static emission
scanning was performed over the same area for 10 min per bed
position, starting 5 min after injection of 11C-choline (500–600
MBq).

Image Analysis
Transaxial, coronal, and sagittal images were reconstructed by a

filtered backprojection algorithm with a 128 � 128 matrix. The
average reconstructed x–y spatial in-plane resolution was about
3.0–4.0 mm in full width at half maximum. For qualitative anal-
ysis, any foci of tracer uptake that were increased relative to the
background and were not in areas of physiologically increased

uptake were considered positive lesions. For quantitative analysis
of tracer uptake in tumor, a computerized semiautomated algo-
rithm was used to eliminate interobserver discrepancy. This
method helps to define the maximal uptake in a small, square
(1.0 � 1.0 cm [3 � 3 pixels]) region of interest (ROI) placed
within a large ROI covering the whole tumor and resulted in 100%
agreement between 2 observers. In the patients who underwent
dynamic 11C-choline PET imaging, the 6th to 13th frames of the
dynamic acquisition (6–16 min after injection) were used to define
the ROI. As an index of tracer uptake, standardized uptake value
(SUV; i.e., tracer activity per injected dose normalized to body
weight) was determined for each patient. The mean SUV within an
ROI was used to represent tumor uptake of 11C-choline and 18F-
FDG. The findings of 11C-choline PET and 18F-FDG PET were
compared with the histologic findings at surgery for 19 patients
and with �6 mo of clinical observation for 2 patients (patients 19
and 21).

Statistical Analysis
Tumor SUVs of 11C-choline and 18F-FDG were compared using

the paired t test. A 2-sided P value � 0.05 was considered
significant.

RESULTS

In 18 patients who underwent PET examinations before
surgery, the histology of the primary tumor was uterine
corpus cancer (n � 11), uterine cervical cancer (n � 5),
ovarian cancer (n � 1), and pelvic inflammatory disease
(n � 1) (Table 1). In the 11 patients with corpus cancer,
surgical FIGO staging was stage IIIA (invasion of serosa) in
2 patients, stage IC (invasion of more than half of the
myometrium) in 1 patient, stage IB (invasion of less than
half of the myometrium) in 5 patients, stage IA (tumor
limited to the endometrium) in 2 patients, and stage 0
(atypical hyperplasia) in 1 patient. For the detection of
uterine corpus cancer, both 11C-choline PET and 18F-FDG
PET were true-positive in 9 patients. Both tracers were
false-negative in 1 patient with atypical hyperplasia of the
endometrium (patient 11). In 1 patient with diabetes (patient
10), 11C-choline PET could clearly detect clear cell carci-
noma whereas 18F-FDG PET was false-negative, probably
because of hyperglycemia (Fig. 2). Serum glucose levels
were 188 mg/dL (10.4 mmol/L) and 177 mg/dL (9.8
mmol/L) at the time of 11C-choline PET and 18F-FDG PET,

FIGURE 1. Time–activity curve of 11C-choline PET in patient
with uterine cervical cancer (patient 12) shows rapid initial up-
take in tumor tissue with almost constant level afterward.

FIGURE 2. Coronal T2-weighted MR image (A) shows enlarged isointense area of endometrium (arrow), indicating presence of
tumor. Arrowhead points to intestine. This patient was diabetic. Blood sugar levels were 177 mg/dL (9.8 mmol/L) and 188 mg/dL
(10.4 mmol/L) at time of 18F-FDG PET and 11C-choline PET, respectively. In 18F-FDG PET image (B), tumor uptake is negative in
presence of hyperglycemia. 11C-Choline PET image (C) demonstrates increased tracer uptake (arrow), corresponding to endome-
trial tumor. 11C-Choline accumulation in bladder was only minimal, but small hot spot was seen in intestine (arrowhead). Surgical
histologic examination revealed clear cell carcinoma (stage IB). BL � bladder activity.
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respectively. For nodal staging, both PET studies were
true-negative, as proven by surgery, in all 11 of these
patients.

11C-Choline PET clearly showed uterine cervical cancer
in all 5 patients because of low urinary radioactivity. 18F-
FDG PET failed to detect small cervical cancer in 1 patient
(stage IB; clinical lesion confined to cervix) (patient 16) in
the presence of high bladder activity (Fig. 3). In the other 4
patients with large tumors (stage IIB; parametrial involve-
ment), 18F-FDG PET could show the primary tumors al-
though the tumor visualization was partly hampered by
intense bladder activity. For nodal staging, 3 patients had no
lymph node metastasis on either PET study, and the lack of
metastases was later confirmed by surgery. In the other 2
patients, with enlarged parailiac lymph nodes shown by
MRI (patients 14 and 15), 18F-FDG PET clearly detected
intense uptake corresponding to the lymphadenopathy. 11C-
Choline PET could show the abnormal activity but the
visualization was obscured by physiologic bowel uptake
(Fig. 4). After transarterial infusion of chemotherapy,
lymphadenopathy was not seen on follow-up MR images
for 1 patient (patient 15) and surgical histology was nega-
tive for metastasis, whereas surgical histology for another
patient (patient 14) showed that lymph nodes were still
positive for metastasis.

In 1 patient with ovarian mucinous cystadenocarcinoma
(patient 17), both 11C-choline PET and 18F-FDG PET
showed a large cold area and small hot areas in the primary
tumor, corresponding to, respectively, the large cystic lesion
and small solid tumors containing adenocarcinoma cells in
surgical histology. In 1 patient with pelvic inflammatory
disease (infection of Escherichia coli) (patient 18), both
tracers showed false-positive findings. The SUVs of the
lesion were 6.02 for 11C-choline and 8.13 for 18F-FDG. In
this case, the pelvic lesion mimicked advanced ovarian
cancer in clinical findings as well as in MRI findings before
surgery.

Of 3 patients suspected of having recurrence of ovarian
cancer, 1 patient showed true-positive results on both 11C-
choline PET and 18F-FDG PET for the detection of para-
aortic lymph node metastasis in the abdomen, and these
results were confirmed by clinical observation (patient 19)
(Fig. 5). In the other 2 patients, both PET studies were
false-negative. One patient had cystic recurrent disease

proven by repeated surgery (patient 20), and 1 patient was
considered to have microscopic peritoneal disease on clin-
ical follow-up (patient 21).

Of 21 patients we studied, both 11C-choline PET and
18F-FDG PET findings were true-positive in 15 patients,
false-negative in 3 patients, and false-positive in 1 patient
for the detection of primary tumor or recurrent tumor. Only
11C-choline PET findings were true-positive in 2 patients.
Although 11C-choline PET showed higher sensitivity than
18F-FDG PET for tumor detection (85.0% vs. 75.0%), the
mean SUV of 11C-choline was significantly lower, com-
pared with 18F-FDG, in the 15 patients with true-positive
results for both tracers (4.61 � 1.61 vs. 9.14 � 3.78, P �
0.0001). The PET results were not correlated with tumor
staging or histologic grade because of the limited number of
patients.

DISCUSSION

This study demonstrated the feasibility of 11C-choline
PET for imaging gynecologic tumors. For the detection of
primary gynecologic tumors in 18 patients, both 11C-choline
PET and 18F-FDG PET were true-positive in 14 patients,
false-negative in 1 patient, and false-positive in 1 patient. In
the other 2 patients, however, only 11C-choline PET could
correctly detect the primary tumors. In 1 patient with small
uterine cervical cancer, the tumor visualization was ham-
pered by the abundant urinary radioactivity in 18F-FDG PET
(Fig. 3). Although bladder irrigation using catheter or ade-
quate hydration may reduce the bladder activity, these meth-
ods are complicated and may not completely resolve this
problem. On the contrary, urinary 11C-choline activity is
negligible or very low; thus, it dose not interfere with PET
imaging (19). In 1 diabetic patient with uterine corpus
cancer, 18F-FDG PET failed to detect the primary tumor,
probably because of hyperglycemia (177 mg/dL, 9.8
mmol/L) (Fig. 2). It is well known that tumor 18F-FDG
accumulation is impaired in hyperglycemic conditions, pre-
sumably by means of direct competition between 18F-FDG
and glucose for uptake by cancer cells (20,21). With 11C-
choline PET, however, the primary uterine cancer was
clearly visualized even at the high serum glucose level (188
mg/dL, 10.4 mmol/L), suggesting that 11C-choline can be

FIGURE 3. Transaxial T2-weighted MR image (A) shows small hyperintense lesion in uterine cervix (arrow). In 18F-FDG PET image
(B), tumor visualization is obscured by high bladder activity. 11C-Choline PET image (C) clearly shows intense tumor uptake (arrow),
corresponding to cervical cancer. No bladder activity is seen in 11C-choline PET image. Surgical histologic examination revealed
spindle cell carcinoma (9 � 6 mm, stage IB). BL � bladder activity; IS � physiologic uptake of 11C-choline in bilateral ischia.
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used for tumor imaging in diabetic patients with hypergly-
cemia.

For the diagnosis of recurrent diseases in 3 patients,
11C-choline PET and 18F-FDG PET could show a para-aortic
lymph node metastasis in 1 patient (Fig. 5) whereas both
tracers failed to detect the cystic recurrent tumor and mi-
croscopic disseminating disease in the other 2 patients. It
has been demonstrated that 18F-FDG PET may miss cystic
recurrent tumors or microscopic recurrent diseases in ovar-
ian cancers (4,22). Similarly, 11C-choline PET may not be
able to detect such diseases with a small tumor volume,
probably because of the limitations of PET imaging tech-
nique.

Compared with 18F-FDG PET, 11C-choline PET has the
advantage of providing a clear image at an earlier period
(11,13,23). In 18F-FDG PET, patients have to wait for 60
min or longer after tracer injection for tumor activity to
reach the peak count (24). With 11C-choline, however, blood
clearance is rapid and tumor activity reaches a maximum at
3–5 min after injection. The initial intense uptake remains at
a nearly constant level afterward, thus enabling the high
activity ratio to remain for more than 30 min, compared
with background.

The mechanism for cellular uptake of choline has not
been completely clarified. In mammalian cells, 2 transport
mechanisms have been identified: energy-dependent cho-
line-specific transport and simple diffusion (25,26). In our
case, both 11C-choline and 18F-FDG strongly accumulated in
pelvic inflammatory disease, although 18F-FDG uptake was
more intense. In other studies, we have found intense 11C-
choline uptake in inflammatory lesions such as radiation
pneumonitis and sarcoidosis. It appears that 11C-choline
uptake into inflammatory lesions might be associated with
the influence of simple diffusion in the reactive tissues.

Our study demonstrated that the tumor SUV was signif-
icantly lower for 11C-choline than for 18F-FDG. This obser-
vation is consistent with previous results for patients with
lung cancers (27) and esophageal cancers (23,28). Because
11C-choline is a metabolic tracer, one may assume that
11C-choline uptake is related to the proliferation of tumors.
In all animal cells, choline is used as a precursor for the
biosynthesis of phospholipids, including phosphatidylcho-
line, which are essential components of all membranes and
modulate signaling processes and the apoptosis pathway
within cells (29). The relationship between intracellular
choline metabolism and cell proliferation is currently under
investigation.

The physiologic body distribution of 11C-choline is dif-
ferent from that of 18F-FDG. High 11C-choline uptake is
normally observed in the liver and kidney (cortex), where
choline is converted into betaine, and in the pancreas and
duodenum because of the secretion of phospholipid-rich
pancreatic juice (7,11). Furthermore, 11C-choline uptake is
usually present to various degrees in the small intestine and

FIGURE 4. Coronal T1-weighted MR image (A) demonstrates right parailiac lymphadenopathy (arrow) in patient with uterine
cervical cancer. 18F-FDG PET image (B) clearly shows intense uptake in right parailiac region (arrow), indicating lymph node
metastasis. Although 11C-choline PET image (C) detects abnormal activity (arrow), physiologic bowel uptake (arrowheads) mimics
parailiac lymph node metastases. Lymphadenopathy was not seen on follow-up MR images after transarterial infusion of
chemotherapy. BL � bladder activity.

FIGURE 5. Whole-body 18F-FDG PET (A) and 11C-choline PET
(B) images show hot spot in para-aortic lymph node metastasis
(arrows) in patient with recurrent ovarian cancer. High physio-
logic uptake of 11C-choline in liver, pancreas, and intestine
hampers interpretation of abdomen and pelvis.
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colon (Fig. 5). This physiologic 11C-choline uptake may
make it difficult to adequately interpret PET images of the
pelvis and abdomen. In contrast, physiologic background
levels of 18F-FDG are lower in the abdomen and pelvis,
except for the urinary tract. In our study, the interpretation
of parailiac lymph node metastases was hampered by bowel
11C-choline uptake, whereas 18F-FDG clearly showed the
parailiac lesion (Fig. 4). In the study of esophageal cancer,
18F-FDG PET showed higher sensitivity than 11C-choline
PET for the detection of metastatic lesions in the abdomen
(23). Thus, 11C-choline may be inferior to 18F-FDG for the
staging of tumors in the abdomen and pelvis, although
further studies are needed to confirm this possibility.

CONCLUSION

Our preliminary study indicated that the use of 11C-
choline PET may be feasible for the imaging of gynecologic
tumors. 11C-Choline PET can clearly detect primary tumors
because of low urinary activity; however, variable physio-
logic accumulation of 11C-choline in the intestine may be a
problem.
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