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Objective: To study 18F-FDG PET/CT findings in endometrial cancer patients, to analyze the correlation between the
maximum standardized uptake value (SUVmax) and clinicopathologic tumor characteristics.
Material and Method: Retrospective study included 33 endometrial cancer patients who underwent pre-operative 18F-FDG
PET/CT and abdominal CT or MRI from June 2005 to October 2009. Pattern of FDG uptake was classified as focal and
diffuse uptake. SUVmax was measured at primary tumor in endometrial cavity and correlated with maximum tumor size,
menopausal state, histological grade, depth of myometrial invasion and nodal metastasis. The diagnostic performance of 18FFDG PET/CT was assessed for primary tumor and lymph node metastasis and correlated with those of CT/MRI.
Results: Sensitivity of 18F-FDG PET/CT in primary tumor detection was slightly higher, without significant difference, than
that of either CT or MRI (93.9 % vs. 87.9%, p = 0.625). The overall SUVmax mean of the primary tumor was 8.24+5.38. The
focal FDG uptake pattern was more common than the diffuse uptake pattern (71.0% and 29.0%, respectively), but the
SUVmax was higher in the diffuse uptake pattern (diffuse pattern 12.10+7.47 vs. focal pattern 6.66+3.33, p = 0.008). There
was significant association between the SUVmax of the primary tumor and maximum tumor size (p = 0.001), but not between
the SUVmax of the primary tumor and menopause state, histological grade, depth of myometrial invasion and nodal
metastasis (p = 0.522, 0.622, 0.694 and 0.601, respectively). For lymph node detection, the sensitivity of 18F-FDG PET/CT
were also higher, without statistically significant difference, than those of CT/MRI (on patient basis; 80.0% vs. 40.0%, p =
0.500; on nodal basis 64.7% vs. 47.1%, p = 0.453, respectively).
Conclusion: 18F-FDG PET/CT had slightly higher diagnostic sensitivity than CT/MRI in both primary tumor and lymph node
detection. The finding focal uptake pattern is more common, but the diffuse uptake pattern shows higher FDG uptake. The
SUVmax of primary tumors was associated with the maximum tumor size, but not associated with menopause state, histologic
grade, depth of myometrial invasion and nodal metastasis.
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Gynecologic malignancy consists of cervical,
ovarian, endometrial and vulvar cancer. Endometrial
cancer refers to several types of malignancies that arise
from the endometrium, or lining, of the uterus. The
incidence of endometrial cancer is about 142,000 cases
per year worldwide(1); however, there is regional
variation. In the United States, it is the most common
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gynecologic malignancy, with an estimated 43,470 new
cases diagnosed in 2010(2,3). The incidence is lower in
Asian population. For instance, it is the third most
common gynecologic cancer following cervical and
ovarian cancer in Korea (4) and Thailand. Thai
Gynecologic Cancer Society reported incidence 2.8
cases/100,000 female population in 2009(5).
The first recommended modality for diagnosis
of endometrial cancer following physical examination
is a transvaginal ultrasound. It is used to evaluate the
endometrial layer or other abnormalities in the pelvic
cavity(1). Then, for initial staging, CT and MRI have
been useful to evaluate tumor extension and metastasis
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of pelvis, abdomen and chest(6,7).
Nowadays, the use of PET/CT with 18Ffluorodeoxyglucose ( 18F-FDG) has been rapidly
increasing. It is a well-known diagnostic tool to survey
various malignancies and inflammatory disease. Most
literature has reported the usefulness of 18F-FDG PET/
CT in various malignancies; however, the role of 18FFDG PET/CT in endometrial cancer is still less defined
due to a lack of supporting data in the literature.
Some researches show high FDG uptake at
primary tumor of endometrial cancer. For instance,
Kitajima K et al reported mean SUV of endometrium in
40 endometrial cancer patients between 2.0-25.6, with a
mean value of 11.2(8). Nowadays, pattern of FDG uptake
at primary tumor of endometrium has never been
classified. Besides correlation between the maximum
standardized uptake value (SUVmax) and clinicopathologic features is controversial.
The purposes of this research were to assess
diagnostic performance of 18 F-FDG PET/CT in
endometrial cancer for primary tumor and nodal
metastasis detection, to study finding of 18F-FDG PET/
CT in endometrial cancer and to analyze the correlation
between the SUVmax and clinicopathologic features.
Material and Method
Patients
Thirty-three pathological proved endometrial
cancer patients from Seoul St. Mary’s Hospital, College
of Medicine, the Catholic University of Korea were
retrospectively reviewed. All of them underwent preoperative 18F-FDG PET/CT from June 2005 to October
2009. Thirty-two cases underwent pre-operative pelvic
MRI and only one underwent an abdominal CT. All of
these studies were performed within 2 weeks of surgical
staging for carcinoma of endometrium.
18

F-FDG PET/CT imaging protocol
The patients were instructed to fast at least 6
hours prior to undergoing 18F-FDG PET/CT. In the day
of the examination, the serum glucose levels of all
patients measured before 18F-FDG injections were less
than 130 mg/dl. After 370-555 MBq of 18F-FDG was
injected intravenously, the patient rested lying and
scanning began 60 min later. No intravenous contrast
agent was used. Two combined PET/CT in-line system
(Biograph DUO, BiographTruepoint; Siemens Medical
Solutions, Knoxville, TN, USA) were used to acquire
all data. CT scan was performed from the orbitometal
line to upper thighs (30 mA s, 130 kV, 5-mm slice
thickness; 80 mA s, 130 kV, 5-mm slice thickness). PET

S116

followed immediately over the same body region. There
were 6-8 bed positions, and the acquisition time was 23 min per bed position. The CT data were used for
attenuation correction, and images were reconstructed
using a standard ordered-subset expectation
maximization algorithm.
Data analysis
Each 18F-FDG PET/CT study was reviewed
by a nuclear medicine physician and CT/MRI was
reviewed by a radiologist. All studies were assessed
for the primary tumor, regional nodal status and distant
metastasis.
For primary tumor detection of PET/CT,
perceptible increased FDG uptake in uterine
endometrium was classified as positive for tumor
detection. The pattern of FDG uptake was classified as
focal and diffuse uptake pattern. The term focal uptake
means a localized FDG uptake in uterine cavity, including
large endometrial mass, which occupied entire or nearly
entire uterus, while the diffuse uptake means generalized
uptake of uterine endometrium. Sensitivity of 18F-FDG
PET/CT and CT/MRI were compared with those of
postoperative pathological results.
The standardized uptake value (SUV)
represents the 18F-FDG accumulation in the tumor. It is
calculated as the following formula:
SUV =
Mean ROI activity (mCi/mL)
Activity administered (mCi)/body weight (grams)
ROI = Region of interest
SUVmax (a maximum standardized uptake
value in each ROI) was measured at uterine
endometrium and correlated with maximum tumor size,
menopausal state, histologic grade, depth of myometrial
invasion and nodal metastasis by using independent
t-test and one-way ANOVA.
For nodal metastasis, the increased FDG
uptake lymph node was reported as positive for nodal
metastasis. The diagnostic sensitivity, specificity and
accuracy of 18F-FDG PET/CT and CT/MRI were
compared with those of postoperative pathological
results.
Differences in assessment between both
procedures in primary tumor and lymph node detections
were tested for significance. A p-value less than 0.05
was statistically significant using STATA/MP 12.
Results
Patient characteristics are shown in Table 1.

J Med Assoc Thai Vol. 97 Suppl. 2 2014

Table 1. Patient characteristics
Characteristic

No. of patients (%) (n = 33)

Age (year), mean + SD
Menopause state
Premenopausal
Postmenopausal
Tumor maximum size (cm), mean + SD
Histology
Endometrioid adenocarcinoma
Well-differentiated
Moderate-differentiated
Poor-differentiated
Serous adenocarcinoma
Malignant mixed mullerian tumor (carcinosarcoma)
Lymph node status by pathology
Negative
Positive

53.7+8.6

Thirty-three patients were included with mean age
53.7+8.6 years. Eight of them were in premenopausal
women; the remaining were postmenopausal women.
Mean of tumor maximum size was 3.4+2.6 cm.
Histological reports reviewed 31 of endometrioid
adenocarcinoma (14 of well differentiated, 14 of
moderate-differentiated and 3 of poor-differentiated
type). The remaining two patients were serous
adenocarcinoma and malignant mixed mullerian tumor.
Regarding locoregional involvement, the
histology revealed four cases with endocervical
involvement, two with cervical stroma and two with
adnexal involvement. No serosal or vaginal involvement
including distant metastasis was detected in these
patients. There were 6 cases of coincidental
leiomyomas, 5 of adenomyosis and 3 of both
leiomyomas and adenomyosis.
By 18F-FDG PET/CT imaging, two of 33 cases
showed no perceptible FDG uptake in the primary
tumor and these tumors were measured 0.3 and 0.4 cm
in post-operative pathology respectively. Both of them
were postmenopausal women with endometrioid
adenocarcinoma, moderate and well differentiation,
respectively. Therefore, the sensitivity of 18F-FDG PET/
CT for primary tumor was 93.9%. On the other hand,
CT/MRI showed undetectable primary endometrial
tumor in 4 cases (sensitivity 87.9%). There was no
significant difference between sensitivity of 18F-FDG
PET/CT and CT/MRI for primary tumor detection (p =
0.625).
The 18F-FDG PET/CT of the remaining 31
cases were positive for a primary tumor, with an overall
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8 (24.2)
25 (75.8)
3.4+2.6
31 (93.94)
14 (42.42)
14 (42.42)
3 (9.10)
1 (3.03)
1 (3.03)
28 (84.8)
5 (15.2)

Fig. 1

A 36-year-old premenopausal endometrioid
adenocarcinoma woman. A-C) 18F-FDG PET,
Fusion PET/CT and CT images show intense focal
FDG uptake pattern (SUVmax 10.4) in uterine
endometrium (arrow). D) MRI T2W shows
irregular intermediate signal intensity in the left
side of uterine fundus with junctional zone invasion
(open arrow).

mean SUVmax was of 8.24+5.38. We found focal uptake
(as Fig. 1) in 22 cases (71.0%) and diffuse uptake (as
Fig. 2) in 9 cases (29.0%). The mean SUVmax was
significantly higher in primary tumors with diffuse FDG
uptake than with focal uptake (12.10+7.47 vs. 6.66+3.33,
p = 0.008). The results are shown in Table 2.
The maximum tumor size was associated with
SUVmax. The value of SUVmax in tumors sized at least
4 cm was significantly higher than those of tumors
smaller than 4 cm (mean SUVmax 12.17+6.39 vs.
6.07+3.22, p = 0.001). Regarding menopause state (p =
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0.522), histological grade (p = 0.622), depth of
myometrial invasion (p = 0.694) and nodal metastasis
(p = 0.601), these factors were not associated with
SUVmax of primary lesion (Table 3).
By histological review, thirty-two nodal
metastases were detected from 1,435 pelvic lymph node
sampling (17 in 394 nodal groups). Nodal metastases
were detected in 5 cases (15.2%) and negative in 28
cases (84.8%). In patient-based analysis, sensitivity of
18
F-FDG PET/CT was higher, without statistically
significant difference, than that of CT/MRI (80.0% vs.
40.0%, p = 0.500), Fig. 3. Of the five positive cases,
pathology detected 17 positive nodal groups. Based
on nodal groups, 18F-FDG PET/CT found 11, while CT/
MRI found 8 true positive cases. Each 18F-FDG PET/
CT and CT/MRI showed one false positive case.
Therefore, sensitivity, specificity and accuracy of 18FFDG PET/CT are 64.7% (95% CI 41.30-82.69), 99.7%

Fig. 2

28-year-old premenopausal woman with
endometrioid adenocarcinoma.A-C, 18F-FDG PET,
Fusion PET/CT and CT images show markedly
intense diffuse FDG uptake pattern (SUVmax 29.3)
along uterine endometrium (arrow); and D, MRI
T2W fat suppression demonstrates soft tissue
lesion in uterine endometrium, resulting in widening
of endometrial cavity.

(95% CI 98.51-99.95) and 98.2% respectively, meanwhile
those of CT/MRI are 47.1% (95% CI 26.17-69.04), 99.7%
(95% CI 98.51-99.95) and 97.5%, respectively (Table 4).
Although the sensitivity of 18F-FDG PET/CT was higher
than that of CT/MRI, there was no significant difference
in statistical analysis (64.7% vs. 47.1%, p = 0.453).
Discussion
In the presented study, sensitivity of 18F-FDG
PET/CT in primary tumor detection was slightly higher,
without significant difference, than that of CT/MRI
(93.9% vs. 87.9%, p = 0.625). Several studies also showed
high sensitivity of 18F-FDG PET and PET/CT in primary
tumor detection. Suzuki R et al analyzed both primary
and metastatic lesions of 30 endometrial cancer patients.
They showed 18F-FDG PET could identify primary
lesions with sensitivity 96.7%, which was higher than
the 83.3% by CT/MRI. Although they used only 18FFDG PET without combined CT, the result is similar to
our study. Furthermore, they found that 18F-FDG PET
could not identify lymph node metastasis less than 1
cm in diameter(9). Similarly, Picchio M et al studied 32
high grade endometrial carcinoma patients and found
that sensitivity of 18F-FDG PET/CT in primary tumor
detection was 90.6%(10), and Suga et al also reported
high sensitivity and specificity of 18F-FDG PET/CT for
primary tumors were 83% and 100%, respectively(11).
Overall mean SUVmax of primary tumor in this
study was 8.24+5.38. It is known that endometrial
carcinoma has been found to show 18F-FDG avidity in
PET/CT imaging; however, there may be some factors
effecting FDG uptake pattern such as variable shapes
of tumor gross anatomy, cellular density or metabolic
activity of cancerous endometrium. In case of small
size tumors or low cellular density tumors, they may
not show FDG uptake(12). To date, not many researchers
have studied the intensity and patterns of FDG uptake
of endometrial carcinoma in PET/CT. By pathology,
endometrial cancer may be grossly visible as a localized
disease with round, polypoid expansile masses that
are friable and often hemorrhage; or it may be diffuse
involvement with an indurated-appearing surface

Table 2. Association between SUVmax and FDG uptake pattern
Uptake pattern

No. of cases (%)

SUVmax mean + SD

p-value

Focal uptake
Diffuse uptake
Overall

22 (71.0)
9 (29.0)
31 (100)

6.66+3.33
12.10+7.47
8.24+5.38

0.008*

* Independent t-test
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Table 3. Association between SUVmax of primary lesion and clinicopathologic features

Maximum tumor size
<4 cm
>4 cm
Menopause state
Premenopausal
Postmenopausal
Histologic grade
Well-differentiated
Moderate-differentiated
Poor-differentiated or high grade
Depth of myometrial invasion
<1/2 myometrial invasione
>1/2 myometrial invasion
Nodal metastasis
Negative
Positive

No. of cases (%)

SUVmax mean + SD

p-value

20 (64.5)
11 (35.5)

6.07+3.22
12.17+6.39

0.001*

8 (25.8)
23 (74.2)

9.31+8.57
7.86+3.95

0.522*

13 (41.9)
14 (45.2)
4 (12.9)

8.18+7.02
7.60+3.70
10.65+4.84

0.622**

20 (64.5)
11 (35.5)

7.95+6.19
8.76+3.69

0.694*

26 (83.9)
5 (16.1)

8.01+5.80
9.42+2.16

0.601*

* Independent t-test
** Oneway ANOVA

Fig. 3

71-year-old endometrioid adenocarcinoma woman.
A) MIP 18F-FDG PET/CT shows a large intense
FDG uptake of uterine mass in pelvic cavity with
SUVmax 8.5 (arrowhead), B-D) 18F-FDG PET,
Fusion PET/CT and non contrast CT images show
abnormal focal FDG uptake (arrow) corresponds
to aortocaval lymph node (SUVmax 2.2); however,
E) this lesion was skipped on the enhanced CT
due to small size. Histopathologic specimen
confirmed lymph node involvement by cancer
(false negative case in CT).
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without a visible exophytic component(3). Following
the gross pathology, the authors designed pattern of
FDG uptake as focal and diffuse uptake and found that
18
F-FDG PET/CT appeared more often with the focal
FDG uptake pattern rather than with diffuse uptake,
but the SUVmax was higher when the primary tumor
had a diffuse uptake pattern (p = 0.008).
Concerning the correlation between SUVmax
and clinicopathologic features, Nakamura et al reported
the measurement of SUVmax in endometrial cancer.
They concluded that SUVmax had a significant
association with the FIGO stage, tumor histology, depth
of myometrial invasion and maximum tumor size(2).
Similar to Lee HJ et al’s, this research evaluated 18FFDG PET/CT in 60 female endometrial cancer patients.
With multivariate analysis, they found that FIGO stage,
histological grade, lymphovascular space involvement
and maximum tumor size were significantly associated
with SUVmax. The optimal SUVmax cut-off value of
8.7 revealed sensitivity 75.6%, specificity 89.5%, and
accuracy 81.7% for risk stratification. High-risk
endometrial cancer might be differentiated by means of
higher SUVmax from low-risk endometrial cancer(13). The
presented study also demonstrates that the SUVmax
of a primary tumor was associated with the maximum
tumor size (p = 0.001), but in contrast with other
researches, we found that it was not associated with
histological grade and depth of myometrial invasion.
Nevertheless, our statistical power is probably weaker
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Table 4. Diagnostic performance of 18F-FDG PET/CT and either CT or MRI for nodal detection in endometrial cancer
patients

Patient-based analysis
18
F-FDG PET/CT
CT/MRI
Node-based analysis
18
F-FDG PET/CT
CT/MRI

Sensitivity (95% CI)

Specificity (95% CI)

Accuracy

80.0% (4/5)
(37.55-96.38)
40.0% (2/5)
(11.76-76.93)

96.4% (27/28)
(82.29-99.37)
96.4% (27/28)
(82.29-99.37)

93.9% (31/33)

64.7% (11/17)
(41.30-82.69)
47.1% (8/17)
(26.17-69.04)

99.7% (376/377)
(98.51-99.95)
99.7% (376/377)
(98.51-99.95)

98.2% (387/394)

than Lee HJ et al’s research due to smaller number of
subjects. Furthermore, we found that the SUVmax of
primary tumor was not associated with menopausal
state and nodal metastasis. Another research, Kitajima
K et al, also reported no association of mean SUV of
endometrial carcinoma at primary uterine lesions with
and without nodal metastasis (mean 12.9+4.8 and
10.6+6.7, respectively, p = 0.329)(8).
Regarding nodal metastasis, the presented
study found that 18 F-FDG PET/CT had higher
sensitivity, without statistically significant difference,
compared with CT/MRI in both patient and node-based
analysis (80.0% vs. 40.0%, p = 0.500 and 64.7% vs.
47.1%, p = 0.453, respectively). Both 18F-FDG PET/CT
and CT/MRI had high specificity and accuracy for
metastatic node detection in both patient and nodebased analysis. Picchio M et al reported lower
sensitivity of 18F-FDG PET/CT in patient-based lymph
node detection (57.1%) but they showed high
specificity, positive predictive value, negative
predictive value and accuracy for revealing lymph node
involvement (100.0, 100.0, 86.4 and 88.5%,
respectively)(10). The specificity and accuracy of this
study are similar to ours (96.4 and 93.9% respectively).
On the other hand, Suga et al reported very high
sensitivity and specificity of 18F-FDG PET/CT for the
patient-based nodal evaluation (100 and 100%
respectively)(11). Additionally, Kitajima K et al showed
comparison of contrast enhanced PET/CT (PET/ceCT)
with conventional PET/CT scan with low-dose CT (PET/
ldCT) and full-dose CT with IV contrast (ceCT). They
found higher sensitivity of PET/ceCT than PET/ldCT
and ceCT (57.1, 42.9, 28.6% in patient-based and 57.7,
50.0, 38.5% in node-based analysis, respectively)(14).
One of the pitfalls in interpretation of 18F-FDG
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87.9% (29/33)

97.5% (384/394)

PET/CT images of female patients is that the increased
18
F-FDG uptake in the endometrium or ovaries is not
always associated with pathologic condition, but may
be physiologic. Lerman et al reported 85 normal
menstrual cycle premenopausal patients without
gynecologic malignancy that mean SUV in menstrual,
proliferative, ovulatory and secretory phases were 5+3.2,
2.6+1.1, 3.7+0.9 and 2.5+1.1, respectively. They
concluded that FDG uptake in uterine endometrium of
normal premenopausal patients usually changes
cyclically, and may increase during menstrual and
ovulation phases. Meanwhile, in postmenopausal
women, normal endometrial uptake is minimal(15). Not
only physiologic FDG uptake, but also some benign
lesions may cause confusion in 18F-FDG PET/CT
interpretation. For example, uterine leiomyomas,
adenomyosis and endometrial hyperplasia usually
show mild FDG uptake, but some cases of leiomyomas
may show intense uptake, and adenomyosis may show
increased intensity during menstruating and ovulating
phases(12,16). Kitajima et al showed mean SUVmax of 61
leiomyoma patients was 2.34+0.75 (range 1.59-5.15)(17).
Tsujikawa et al found higher mean SUVmax of
endometrial cancer (mean SUVmax 9.6+3.3) rather than
those of leiomyomas (2.2+1.1) and endometrial
hyperplasia (1.7+0.3)(18). However, Chura et al reported
an ordinary leiomyoma of 13 mm which showed very
high SUV (SUV = 16)(16). The mentioned factors may
cause pitfalls in our study which included 8
premenopausal patients and the pathological reports
reviewed coincidental leiomyomas in 6, adenomyosis 5
and both leiomyomas and adenomyosis 3 cases.
Compared with other research studies, the
presented study had a limitation due to the relatively
small number of patients; therefore, further study is
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required for proper evaluation.
Conclusion
In summary, 18F-FDG PET/CT had slightly
higher diagnostic sensitivity in both primary tumor and
metastatic node detection than CT/MRI. The common
finding of primary tumor in 18F-FDG PET/CT was focal
uptake pattern rather than diffuse uptake, but the diffuse
uptake pattern show higher SUVmax. Concerning
clinicopathologic features, the SUVmax of primary
tumor was associated with maximum tumor size, but
not correlated with other characteristics such as
menopausal state, histological grade, depth of
myometrial invasion and lymph node metastasis.
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