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Abstract
Purpose The purpose of this study was to evaluate the
accuracy of integrated positron emission tomography (PET)
and computed tomography (CT) for the identification of
suspected recurrent endometrial cancer after treatment.
Methods Thirty-one women (median age, 53 years) with
endometrial cancer treated by primary staging laparotomy
who had [18F]fluorodeoxyglucose (FDG) PET/CT per-
formed for suspected recurrence were retrospectively
reviewed. The findings of the PET/CT scans were com-
pared, with the histological examination after a surgical
biopsy in 20 cases and with clinical follow-up in 11 cases to
determine the diagnostic accuracy of PET/CT.
Results Twelve (38.7%) of the 31 patients had a docu-
mented recurrence by surgical biopsy or clinical follow-up,
and 19 (61.3%) had no evidence of recurrence. Of the 12
patients with recurrent disease, nine (75.0%) women were
confirmed to have a recurrence by surgical biopsy. A close
correlation was found between the PET/CT and histological
or clinical analyses (κ=0.933, p<0.001). The overall
sensitivity, specificity, accuracy, positive predictive value,
negative predictive value, and accuracy of PET/CT were
100, 94.7, 92.3, 100, and 96.8%, respectively. The PET/CT

results modified the diagnostic or treatment plan in seven
(22.6%) patients, resulting in five (16.1%) patients under-
going previously unplanned therapeutic procedures and
eliminating previously planned diagnostic procedures in
two (6.5%) patients. Patients with negative PET/CT scans
showed significantly better progression-free survival than
those with positive scans (p=0.015).
Conclusion Integrated PET/CT appears to be highly sensi-
tive, specific, and accurate as a post-therapy surveillance
modality for endometrial cancer in well-selected patients.
The PET/CT might be used to improve patient surveillance
and prognosis.
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Introduction

Guidelines for the optimal post-therapy surveillance of
patients treated for endometrial cancer have not yet been
introduced [1]. Conventional surveillance consists of a
physical examination, evaluation of serum tumor markers,
and imaging studies. However, these methods are not very
accurate and do not exactly identify sites of recurrence [2].
Diagnosis of recurrent cancer by computed tomography
(CT) or magnetic resonance imaging (MRI) is based on the
detection of new lesions or changes in the size of a known
lesion caused by cancer growth [3, 4]. Despite the
widespread use of these conventional imaging modalities,
accuracy for the detection of tumor recurrence has been low
[5–7]. Positron emission tomography (PET), with fluoro-
deoxyglucose (FDG), has been widely used for monitoring
cancer patients; it has been demonstrated to have high
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sensitivity but average specificity, with a limited ability to
provide information on the exact location of an identified
lesion [8–15].

Integrated PET/CT offers the combined benefits of
anatomic and functional imaging; it has been used to
localize areas of increased FDG uptake with improved
anatomic specificity [12, 16–19]. The initial oncology
results of this combined anatomic and functional technol-
ogy have been promising [20–24]. To date, however, its
value in the post-therapy surveillance of endometrial
cancers has not been established. Thus, the purpose of this
retrospective study was to evaluate the accuracy of
integrated PET/CT for the identification of suspected
recurrent endometrial carcinoma after treatment, with the
use of histological analysis and clinical follow-up for
comparison.

Materials and methods

Patients

For this retrospective study, data from well-selected patients
with endometrial cancer from November 2003 to June 2007
were evaluated. Forty-three consecutive patients with endo-
metrial cancer, who underwent primary cytoreductive surgery
followed by adjuvant treatment if necessary, were included in
the study. The adjuvant treatments after surgery consisted of
platinum-based combination chemotherapy (n=6), radiation
therapy (n=2), or concurrent chemoradiation (n=18). We
performed a PET/CT scan when patients had the following
findings: (1) Symptoms that were suspicious of a recurrence;
(2) new lesions identified on surveillance imaging studies; (3)
elevated serum tumor markers with or without abnormal
imaging studies; (4) abnormal results on physical or
cytological examination on routine surveillance; and (5)
patient request of a surveillance PET/CT scan for fear of
recurrence without evidence of disease. The patient exclusion
criteria were contraindications to PET scanning, such as a
blood glucose level higher than 140 mg/dl, a history of
diabetes, and claustrophobia. Before being enrolled, all
patients provided informed consent in accordance with the
regulations of the institutional review board that approved our
study.

PET/CT technique

The patients were studied using a dedicated PET/CT system
(Philips, Gemini). All patients were requested to fast for 4 h
before undergoing PET/CT. The blood sugar levels were
checked to ensure that there was no hyperglycemia; this is
important because FDG uptake in cancer cells is reduced if
there are competing unlabeled glucose molecules. Approx-

imately 900 ml of a barium sulfate solution [Readi-cat
(1.3% weight-volume barium sulfate suspension); E-Z-EM,
Westbury, NY, USA] was administered orally 1 h before
imaging to opacify the bowel for the CT portion of the
study. In addition, 15–20 mCi (555–740 MBq; 0.22 mCi/kg
body weight) of FDG was administered intravenously 1 h
before imaging. Patients sat quietly in a dimly lit room
during the uptake phase and were asked to void just before
the imaging. During the scanning, the patients were supine
with their arms raised above the head in the fused PET/CT
scanner with a single gantry and table. The CT and PET
scans were obtained with the patient in quiet respiration.

The CT was performed before the PET, and the resulting
data were used to generate an attenuation correction map
for the PET. Five-millimeter-thick sections were obtained at
80 mA (but adjusted for body thickness) and 140 kVp from
the skull base to the mid-thigh. The images were recon-
structed with a 512×512 matrix and a 50-cm field of view.
For fusion with the PET data, the images were also
reconstructed with a 128×128 matrix.

Next, the PET was performed on a dedicated PET
scanner with a 5-min emission acquisition per imaging
level. The images were acquired in a caudo-cranial
direction from the mid-thigh to the skull base. The CT
transmission map was used for attenuation correction, and
the PET images were reconstructed with a 128×128 matrix,
an ordered subset expectation maximum iterative recon-
struction algorithm (two iterations, 28 subsets), an 8-mm
Gaussian filter, and a 50-cm field of view.

Image analysis

All studies were interpreted retrospectively and were
reviewed with knowledge of the patient’s clinical history.
This included the results of previous imaging studies
performed from the time of the initial diagnosis to the time
when suspicion of a recurrence arose. Two experienced
nuclear medicine physicians who were aware of each
patient’s clinical history initially interpreted the findings
together.

The PET study was read as negative when no areas of
abnormal FDG uptake were seen. Every focus of increased
FDG uptake was recorded and classified as malignant,
equivocal, or benign based on the shape, size, and intensity
of the uptake. A site of increased FDG uptake was defined
as benign, and unrelated to cancer, when it was located in
an area of known physiologic uptake of the tracer or in a
known nonmalignant process. When a focal FDG uptake,
with intensity higher than that of the surrounding tissues,
was seen in areas unrelated to physiological or benign
processes, it was defined as malignant. Any other area of
increased FDG uptake that could not be clearly character-
ized was defined as equivocal. A PET study showing at
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least one site of abnormal FDG uptake characterized as
malignant was defined as positive. PET studies with all
lesions defined as equivocal or benign were interpreted as
equivocal or negative.

Recurrent tumor was diagnosed when the abnormal focal
uptake, observed on the PET images, corresponded to an
abnormal soft-tissue mass in the pelvis and peritoneum
observed on the CT images. Calculation of maximal
standardized uptake value (SUVmax) was as followed:
SUVmax = Cmax×TBW/IA [Cmax: activity concentration in
the voxel of highest tumor activity (Bq/ml), TBW: total
body weight (kg), IA: injected activity (kBq)]. According to
previous reports [18, 25], SUVmax greater than 3.0 was
considered to indicate a malignancy.

Clinical evaluation

Recurrent disease was confirmed in all cases with either
tissue biopsy or the demonstration of progressive disease by
serial imaging studies such as CT, MRI, or PET/CT.
Clinical proof of no recurrent disease consisted of a
negative physical and gynecological examination, a nega-
tive tissue biopsy, and negative findings on serial follow-up
imaging studies.

To confirm the lesion detected on PET/CT imaging,
surgical biopsy and CT- or ultrasound-guided biopsy was
performed to obtain tissue for histological evaluation in cases
where it was considered necessary for patient management.
Progressive elevation of serum tumor markers (CA-125)
accompanied by an increase in lesion size or the appearance
of new lesions was considered a disease recurrence.

Statistical analysis

Calculation of the sensitivity, specificity, accuracy, and
positive and negative predictive values for tumor detection
by PET/CT was performed. These findings were then
compared to the results of the histological analysis after
biopsy or clinical follow-up. For the purposes of statistical
analysis, a true-positive lesion was a lesion seen on the
PET/CT images and found to be positive for tumor tissue
by histological analysis or clinical follow-up. A false-
positive lesion was a lesion seen on the PET/CT images but
found to be negative for tumor tissue by histological
analysis or clinical follow-up. A true-negative lesion was
when no lesion was seen on the PET/CT images, and the
results of the histological analysis were negative for tumor
tissue or clinical follow-up after 2 months. A false-negative
lesion was a lesion that was missed on image analysis but
was found to be positive for neoplastic tissue by histolog-
ical analysis or clinical follow-up. Sensitivity, specificity,
accuracy, and positive and negative predictive values of the
PET/CT were also calculated on the basis of per-patient

analysis. The κ statistics (Cohen κ) were used as measures
of agreement between the PET/CT and the histological
findings. The κ values up to 0.40 were considered to
indicate poor agreement; values between 0.41 and 0.75,
moderate to good agreement; and values greater than 0.75,
excellent agreement [26]. The analysis was performed
using SPSS software (Version 11.0; SPSS, Chicago, IL,
USA). A p value of less than 0.05 was considered
statistically significant.

Survival curves for progression-free survival (PFS) were
plotted according to the method of Kaplan–Meier using
SPSS software (Version 11.0; SPSS). Patients were grouped
into two groups, negative PET/CT scan and positive PET/
CT scan, and the time intervals between the PET/CT and
the last follow-up or time of recurrence were calculated to
assess the PFS.

Results

Patient characteristics

Thirty-one patients met the inclusion criteria and underwent
PET/CT imaging for suspected recurrent endometrial
cancer during the study period. Table 1 summarizes the
clinical characteristics of the enrolled patients. The median
patient age was 53 (range, 28–74) years, and the median

Table 1 Clinical characteristics of patients with suspected recurrent
endometrial cancer

Characteristics Value

Age (years)
Median 53
Range 28–74
Histology (no. of patients)
Endometrioid adenocarcinoma 27
Pure endometrioid 25
Mixed endometrioid and mucinous 1
Mixed endometrioid and sertoli differentiation 1
Serous adenocarcinoma 4
Tumor grade (no. of patients)
1 14
2 12
3 5
FIGO stage (no. of patients)
IA 4
IB 8
IC 3
IIA 1
IIB 4
IIIA 3
IIIC 7
IVB 1

FIGO International Federation of Gynecology and Obstetrics
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time from treatment to PET/CT scanning was 24 (range, 1–
87) months. At the initial diagnosis, most (21/31) of the
tumors were endometrioid adenocarcinoma (n=27). Over-
all, 12 of 31 patients (38.7%) had pathologically or
clinically documented recurrent disease during the follow-
up (Fig. 1). Of the 12 patients with recurrent disease, nine
(75.0%) women were confirmed to have a recurrence by
surgical biopsy, and three (25.0%) women were docu-
mented via clinical follow-up or imaging modalities
(Table 2).

Table 3 summarizes the indications for PET/CT scans in
patients with suspected recurrent endometrial cancer, the
number of positive PET/CT studies, and confirmed recur-
rences. More than half (54.8%) of the subjects had a PET/
CT performed for evaluation of treatment response. In
addition, 32.3% of patients had a PET/CT performed due to
abnormal imaging studies during follow-up. There were 13
cases with positive PET/CT scans and no case where a
recurrence was not detected by the PET/CT scan.

PET/CT diagnostic accuracy

The κ value in the current study was 0.933 (p<0.001). This
result suggests that although there were relatively few
patients, the PET/CT results had excellent correlation with
the histological and clinical findings. The overall patient-
based sensitivity, specificity, positive and negative predic-
tive values, and accuracy of the PET/CT for the detection of
recurrent endometrial cancer among suspected patients
were 100% (12 of 12 patients), 94.7% (18 of 19 patients),
92.3% (12 of 13 patients), 100% (18 of 18 patients), and
96.8% (30 of 31 patients), respectively (Table 4).

Clinical impact of PET/CT on patient management

The clinical impact of PET/CT scanning in the management
of suspected endometrial cancer recurrence is summarized
in Table 5. The PET/CT scan results modified the diagnosis
or treatment plan in seven (22.6%) patients, mainly by
introducing previously unplanned therapeutic procedures in
five (16.1%) patients and eliminating previously planned
diagnostic procedures in two (6.5%) patients (Fig. 2).
Among five patients who had their treatment plans changed
based on the PET/CT findings, three patients received
chemotherapy, 2 twopatients received concurrent chemo-

Table 2 Details of documented disease recurrence with positive PET/
CT lesions in patients with recurrent endometrial cancer

Confirmation methods and sites of recurrence No. of patients

Clinical follow-up
Liver 2
Lung 1
Histological biopsy
Supraclavicular LN 2
T-spine 1
Mediastinal LN/axillary LN 1
Lung 2
Lt. external iliac LN 1
Aortocaval LN 1
Vaginal stump 1

LN Lymph node

Table 3 Indications for a PET/CT scan, the number of positive PET/
CT studies, and confirmed recurrence in patients with suspected
recurrent endometrial cancer

Reason for PET/CT
scan

No. of
patients

PET/CT
positive

Confirmed
recurrence

To check treatment
response

17 1 1

Abnormal imaging
study

10 9 8

Elevated serum
tumor marker

4 3 3

Total 31 13 12

Fig. 1 Detection and precise localization of disease recurrence in
treated endometrial cancer. A 50-year-old woman (FIGO stage IIB,
grade 1 endometrial cancer) 5 months after staging laparotomy was
referred for a PET/CT for suspected recurrence. a An unenhanced
CT transaxial image shows enlarged lymph node in the aortocaval

area. b FDG-PET transaxial image shows an area of intense FDG
uptake in the lesion. c Integrated PET/CT transaxial image shows
that the abnormal FDG uptake corresponds to the enlarged lymph
node on the CT image. Histopathological examination confirmed the
presence of tumor involvement of the lymph node
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radiation, and two patients are alive without evidence of
disease. Of the 17 scans performed for surveillance of the
treatment response, one scan identified a recurrence not
detected by other modalities. The PET/CT results were also
helpful in detecting recurrent disease in patients with
unexplained elevated serum CA-125 levels during follow-up.

The median follow-up was 6 (range, 2–31) months from
the time of the PET/CT until the last follow-up or the time
of recurrence if present. As shown in Fig. 3, the 2-year PFS
rate of patients with a negative PET/CT scan for recurrence
was significantly better than for patients with a positive
PET/CT (100 vs 33.7%, p=0.015). All 18 patients with
negative PET/CT scans are still alive without evidence of
disease; however, 10 out of 13 patients with positive PET/
CT scans are alive with disease.

Discussion

The purpose of this study was to evaluate the accuracy of
integrated PET/CT for the identification of suspected
recurrent endometrial carcinoma after treatment. Metabolic
imaging using FDG-PET is now widely applied to the
evaluation of cervical and ovarian carcinoma [6, 11, 12, 14,
15, 19, 27–33]. However, limited information is available
regarding the clinical utility of FDG-PET for endometrial
cancer, especially the indications for post-therapy surveil-
lance [13, 34–36]. The diagnostic efficacy and benefit of
FDG-PET in other clinical settings for the evaluation of
endometrial cancer remain uncertain [37, 38]. Substantial
variations in endometrial uptake have been reported in
patients with benign endometrial pathology, in patients with
normal menstrual cycles, and in postmenopausal patients
[39]. These variations may explain the limited use of FDG-
PET for endometrial cancer.

The current study was undertaken to evaluate the clinical
feasibility and performance of integrated PET/CT for the

detection of recurrent endometrial cancer in suspicious
patients with otherwise clinically occult disease based on
biochemical parameters or the results of other imaging
modalities. Belhocine et al. [13] reported that FDG-PET
had a sensitivity of 96% and a specificity of 78% for post-
therapy surveillance and led to the alteration of treatment in
35% of cases. Saga et al. [35] reported that FDG-PET had a
sensitivity of 100% and a specificity of 88.2% with the
treatment plan affected in 33.3% of cases and demonstrated
that negative PET results tended to be associated with a
better disease-free course. Recently, Rebollo-Aguirre et al.
[36] reported that PET modified the information obtained
by conventional imaging techniques in more than half of
the cases studied. In the current study, the PET/CT showed
similar or better diagnostic performance than previous
studies and a similar clinical impact on patient manage-
ment. As most of the recurrent cases were confirmed by
surgical biopsy, this provided additional support to the
accuracy of PET/CT for detecting recurrent lesions. The
positive predictive value of PET/CT in detecting disease
recurrence was 92.3%; this value may be due to the small
number of cases in the study. The PET/CT identified 13
abnormal scans, and recurrences were documented in 12
cases. A PET/CT scan was performed in a patient (age 46,
endometrioid adenocarcinoma stage IB, grade 2) due to an
unexplained elevated serum CA-125 level 28 months after
surgery and concurrent chemoradiation. The PET/CT scan
showed a hypermetabolic lesion in a left axillary lymph
node with a SUVmax of 3.1; however, the lesion proved to
be negative for malignancy after surgical biopsy (lymphoid
follicular hyperplasia with no tumor involvement), and
serum CA-125 level was normalized.

The results of this study demonstrate the potential value
of PET/CT in patients with suspected recurrent endometrial
cancer. Furthermore, the results of this study suggest a
potential role for integrated PET/CT as a useful screening
approach in the post-therapy surveillance of endometrial
cancer. As shown in the Fig. 3, the 2-year PFS rate, of
patients with a negative PET/CT scan for recurrence, was

Table 4 Comparative analysis of the PET/CT vs clinical and
pathological diagnosis of recurrent endometrial cancer in 31 patients
with suspected recurrence

Performance PET/CT

True-positive (n) 12
True-negative (n) 18
False-positive (n) 1
False-negative (n) 0
Sensitivity (%) 100
Specificity (%) 94.7
PPV (%) 92.3
NPV (%) 100
Accuracy (%) 96.8

PPV Positive predictive value, NPV negative predictive value

Table 5 Changes in patient management based on the PET/CT results

Initial plan PET/CT
finding

PET/CT
contribution

No. of
patients
(%)

Observation Precise
localization
of recurrent
lesion

Additional
treatment
instituted

5 (16.1)

Additional
diagnostic
procedure

Physiologic or
inflammatory
uptake of
FDG

Discard
unnecessary
diagnostic
procedures

2 (6.5)
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significantly better than for patients with a positive PET/CT
(100 vs 33.7%, p=0.015). Although we could not deter-
mine the overall survival rate because of the small number
of patients and the short period of follow-up, this can be
evaluated in future studies. We are planning a prospective
study to determine the feasibility of using PET/CT for the
detection of recurrence in patients with endometrial cancer
and the potential role of using this technology for cancer
surveillance.

From the clinician’s perspective, the PET/CT had a
promising impact on patient care. The diagnosis or
treatment plan was modified in 22.6% of patients mainly
by the introduction of unplanned therapeutic procedures
such as chemotherapy or concurrent chemoradiation in five

(16.1%) patients and elimination of previously planned
diagnostic procedures in some cases (6.5%). The value of
an additional diagnostic tool should be judged based on
whether the information obtained improves clinical deci-
sions, although the definition of clinical benefit varies in
different clinical situations. In the current study, the
treatment plan was positively influenced in five (16.1%)
patients. The PET/CT results decreased equivocal PET
reports in two cases, which might have led to further
imaging and biopsy procedures and associated additional
cost and emotional stress.

The study had the following limitations. First, this was a
retrospective study. The PET/CT was not performed in
every case of endometrial cancer after primary treatment
during the study period. The application of PET/CT to only
selected cases might introduce bias and influence the study
results. Second, the number of patients with suspected
endometrial cancer recurrence in our series was small.
Third, the median follow-up duration after PET/CT was
relatively short. More long-term data are needed to confirm
the importance of PET/CT in post-therapy surveillance of
endometrial cancer.

In conclusion, this retrospective study demonstrated that
integrated [18F]FDG PET/CT was a highly sensitive,
specific, and accurate post-therapy surveillance modality
for the detection of recurrent endometrial cancer in well-
selected cases. The integrated PET/CT scan was a useful
tool for the detection of subtle recurrences. In addition, the
PET/CT allowed individualization of the optimal treatment
plan by accurately identifying patients with disease recur-
rence and avoiding unnecessary diagnostic procedures in
patients without recurrence. Well-designed prospective
studies are necessary to confirm whether the use of
integrated PET/CT scanning might improve overall survival
of patients with recurrent endometrial cancer by earlier
detection of recurrent disease.

Fig. 3 The Kaplan–Meier survival graph of the 2-year progression-
free survival (PFS) rate of patients with negative PET/CT scan and
that of patients with positive PET/CT scan in 31 patients with
suspected endometrial cancer recurrence

Fig. 2 Inflammatory uptake of FDG in treated endometrial cancer. A
52-year-old woman (FIGO stage IIIA, grade 1 endometrial cancer)
59 months after staging laparotomy referred for PET/CT for suspected
recurrence. a An unenhanced CT transaxial image shows soft tissue
mass right to the rectum. b FDG-PET transaxial image shows an area
of FDG uptake; however, due to the proximity to the bladder, it is hard

to discriminate the exact lesion. c Integrated PET/CT transaxial image
shows a faint FDG uptake within the soft tissue mass with an SUV of
1.7, which was rather suggestive of inflammatory changes. Clinical
follow-up revealed that the FDG uptake was due to the inflammatory
reaction after concurrent chemoradiation
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