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Abstract. Purpose: Few studies have investigated the
clinical impact of whole-body positron emission tomogra-
phy (PET) with 18F-fluorodeoxyglucose (FDG) in endo-
metrial cancer. We aimed to assess the value of integrating
FDG-PET into the management of endometrial cancer in
comparison with conventional imaging alone.
Methods: All patients with histologically confirmed pri-
mary advanced (stage III/IV) or suspicious/documented
recurrent endometrial cancer, with poor prognostic features
(serum CA-125 >35 U/ml or unfavourable cell types), or
surveillance after salvage therapy were eligible. Before
FDG-PET scanning, each patient had received magnetic
resonance imaging and/or computed tomography (MRI-
CT). The receiver operating characteristic curve method
with calculation of the area under the curve (AUC)was used
to compare the diagnostic efficacy. Clinical impacts were
determined on a scan basis.
Results: Forty-nine eligible patients were accrued and 60
studies were performed (27 primary staging, 33 post-therapy
surveillance or restaging on relapse). The clinical impact
was positive in 29 (48.3%) of the 60 scans. Mean standard-
ised uptake values (SUVs) of true-positive lesions were
13.2 (range 5.7–37.4) for central pelvic lesions and 11.1
(range 1.5–37.4) for metastases. The sensitivity of FDG-
PETalone (P<0.0001) or FDG-PETplusMRI-CT (P<0.0001)
was significantly higher than that of MRI-CT alone in

overall lesion detection. FDG-PET plus MRI-CT was sig-
nificantly superior to MRI-CT alone in overall lesion
detection (AUC 0.949 vs 0.872; P=0.004), detection of
pelvic nodal/soft tissue metastases (P=0.048) and detection
of extrapelvic metastases (P=0.010), while FDG-PETalone
was only marginally superior by AUC (P=0.063).
Conclusion:Whole-body FDG-PET coupled with MRI-CT
facilitated optimal management of endometrial cancer in
well-selected cases.
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Introduction

Endometrial cancer is a common gynaecological cancer
and is generally classified as a tumour with a good prog-
nosis. The overall survival rate of patients with endometrial
cancer is expected to be high because a high percentage of
patients have early-stage disease at the time of diagnosis
[1, 2]. Unfortunately, the prognosis is poor in advanced [1,
3, 4] or recurrent endometrial carcinoma, except for iso-
lated vaginal recurrence [3, 5]. The situation becomes more
difficult when the extrapelvic sites have been previously
irradiated or are multifocal, although occasionally success-
ful salvage has been achieved with long-term survival after
hormone therapy, radical surgery and radiotherapy/chemo-
therapy [3, 6–8].

Imaging studies such as magnetic resonance imaging
and/or computed tomography (MRI-CT) can be used to
evaluate disease extension and provide important informa-
tion for treatment planning [9, 10]. Preoperative CA-125
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measurement may play a role in predicting extrauterine
spread of clinically localised endometrial cancer [11–13].

Metabolic imaging by positron emission tomography
(PET) with 18F-fluorodeoxyglucose (FDG) is now widely
used in the evaluation of cervical and ovarian carcinoma
[14–18]. However, limited information is available regard-
ing the usefulness of FDG-PET in endometrial cancer [19–
23]. In the literature, two retrospective case series [19, 20]
investigated the role of PET for post-therapy surveillance
and a single prospective study evaluated the sensitivity and
specificity of FDG-PET for detection of pelvic and para-
aortic node metastasis preoperatively [23]. The diagnostic
efficacy and benefit of FDG-PET in other settings of endo-
metrial cancer are still uncertain.

In this prospective study, we aimed to assess the value
of integrating whole-body FDG-PET into the management
of endometrial cancer in comparison with conventional
MRI-CT imaging alone.

Materials and methods

Patients

Patients with histologically confirmed endometrial cancer (any type,
any differentiation) were eligible if they met any one of the following
criteria: (1) absence of previous treatment or immediate postoper-
ative state with (a) clinical stage III on MRI-CT, clinical stage IVA
(histology-proven) or clinical stage IVB [supraclavicular lymph node
(LN) or inguinal LN or other solitary distant metastasis], (b) pre-
operative tentative diagnosis of any stage and CA-125 >35 U/ml, or
(c) unfavourable cell type (serous papillary, clear cell or small cell
undifferentiated carcinomas); (2) after primary definitive treatment
with (a) unexplained CA-125 >35 U/ml in two consecutive meas-
urements at least 1 month apart (MRI-CT score ≤2), (b) suspicious
lesions on conventional studies (score ≥3), or (c) documented
recurrence; or (3) after salvage therapy, (a) if routine follow-up
studies were negative (MRI-CT score ≤2 and CA-125 <35 U/ml) 3
months after salvage therapy (in which case FDG-PET was per-
formed 6–12 months after salvage therapy), (b) CA-125 >35 U/ml in
two consecutive measurements at least 1 month apart (unexplained),
or (c) if conventional studies were positive (score ≥3). This study was
approved by the institutional review board of the Chang Gung
Memorial Hospital, and informed consent was obtained from each
enrolled patient.

Standard treatment

Generally, surgical staging and tailored hysterectomy were performed
in our patients if clinically feasible. Total abdominal hysterectomy
and bilateral salpingo-oophorectomy (TAH-BSO) was performed in
clinical stage I patients and radical hysterectomy was employed only
for unequivocal cervical involvement [24]. Indications for pelvic and
para-aortic lymphadenectomy in high-risk patients in our institution
were similar to those in other reports [25]. They were: (1) unfavour-
able histological subtypes (serous papillary, clear cell or small cell
undifferentiated carcinomas), (2) histological grade 3, (3) myometrial
invasion >1/2 and (4) clinically advanced disease with extrauterine or
extrapelvic extension. Maximal cytoreduction was attempted in cases
of extrauterine dissemination.

CT imaging

The CT images were obtained using a Hi-speed CT scanner (GE
Medical Systems, Milwaukee, USA) or a Somatom Plus 4 multi-slice
CT scanner (Volume Zone, Version A40, Siemens AG Medical,
Forscheim, Germany). Patients fasted for at least 4 h before study and
received oral meglumine diatrizoate (Gastrografin; Schering Health
care, West Sussex, UK) for bowel preparation. Scanning was un-
dertaken in the craniocaudal direction, between the diaphragm and
the perineum with and without contrast enhancement. The Hi-speed
CT scanner generated contiguous slices of 5 mm thickness whereas
the Somatom Plus 4 multi-slice CT scanner generated contiguous
slices of 10 mm thickness.

MRI

MR images were obtained by performing different pulse sequences
with either a 1.5-Tesla Magnetom Vision or a Magnetom Expert
scanner (Siemens Medical Systems, Erlangen, Germany) using a
phased-array body coil. T2 spin-echo [time repetition (TR)/time echo
(TE), 4,000/99] and T1 spin-echo (TR/TE, 500/15) sequences were
acquired in transaxial, sagittal and coronal sections of abdomen and
pelvis with a matrix size of 256×256 pixels. Slice thickness was
5 mm in the transaxial plane and 2.5 mm in the sagittal and coronal
planes.

PET imaging

The imaging instrument used was an ECAT EXACT HR+PET
camera (CTI, Knoxville, TN), with a full-width at half-maximum of
4.5 mm and a 15-cm transaxial field of view. After fasting for at least
6 h, the patient received 370 MBq of FDG. For optimal tumour
identification, all patients were catheterised and given diuretics to
reduce bladder activity. Dual-phase PET images were acquired at
40 min from the head to the upper thigh using a two-dimensional
mode. An additional session of 3-h scans from T1–11 to the upper
thigh in three-dimensional mode was obtained in some patients. Data
acquisition and reconstruction were performed according to our pre-
vious protocol [14]. The semiquantitative evaluation was based on a
region of interest (ROI) analysis, giving standardised uptake values
(SUVs). The ROI was placed on the emission image over an FDG-
avid area. The ROI edge was the contour for 75% of peak counts.
Images were interpreted visually and semi-quantitatively on early
and available late scans without explicit interpretative criteria. There
was no preselected SUV cut-off value. In dual-phase PET, a com-
bination of early and late images was used to determine whether the
observed lesion was fixed or not as well as to calculate changes in
SUV from early to late results [14].

Image interpretation

Both MRI-CT and FDG-PET images were interpreted visually and
classified using a five-point scoring scale: 0, normal; 1, probably
normal; 2, equivocal; 3, probably abnormal; 4, definitely abnormal
[14]. The MRI-CT score with respect to LNs was further defined as:
0, a normal finding; 1, visible LNs less than 0.5 cm in size, consid-
ered reactive and unrelated to metastasis; 2, any LN of length 1 cm or
a little less, giving an overall equivocal impression; 3, LNs more than
1 cm in length in the short axis and/or multiple LNs (n≥3) with a size
of 0.5–1 cm; and 4, confluent LNs with central necrosis or irregular
contours [14, 15, 26].
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Determination of lesion status

Verification by either surgical exploration or CT- or ultrasound-
guided biopsy was performed whenever possible for suspicious le-
sions (score ≥3) detected by CT-MRI or FDG-PET. Lesions with an
unsettled status were either designated “indeterminate” or subjected
to a second assessment (by both CT-MRI and FDG-PET) 3–6 months
later to avoid false-negative results. Disease status was determined
based on pathological findings or clinical follow-up.

Clinical impact of FDG-PET

The clinical impact of FDG-PET scanning was classified as: (1)
negative: if PET led to unnecessary, additional invasive procedures;
(2) no change: if PET yielded the same findings as MRI-CT, if false-
positive and false-negative FDG-PET findings did not affect surgical
staging or treatment, or if PET detected an incurable relapse; or (3)
positive: (i) if PET led to modification of treatment owing to correct
staging, with upstaging or downstaging in comparison with MRI-CT,
(ii) if PET confirmed involvement of a single site by a distant re-
currence (leading to adherence to curative treatment), (iii) if PET led
to early detection of a curable recurrence or re-recurrence, (iv) if
PET led to deferral of exploration following false-positive MRI-CT
findings or (v) if PET resulted in a change to palliation, avoiding a
futile salvage attempt.

Statistical analysis

We hypothesised that use of FDG-PET in addition to MRI-CTwould
have a positive clinical impact in 40% of patients. Based on a 95%
confidence interval (CI) of ±12.5%, approximately 49 patients were
to be accrued to provide a sufficient sample size for evaluation of the
efficacy of FDG-PET in the management of endometrial cancer.

A visual score of 3 or 4 was considered to be positive and scores
0, 1 and 2 as negative for calculations of sensitivity, specificity and
accuracy [14, 15, 19]. The receiver operating characteristic (ROC)
curves were plotted and values of the area under the curves (AUCs)
were calculated to compare the diagnostic efficacy of MRI-CT versus
MRI-CT plus FDG-PET. Progression-free survival was measured
from the date of FDG-PET to disease relapse or to the date of last
follow-up (for disease-free patients). Overall survival was defined
from the date of FDG-PET to the date of death. All statistical tests
were two-sided.

Results

Between April 2001 and May 2004, 49 patients (age range
30–81 years, median 55 years) with endometrial cancer
were recruited into the study. Demographic characteristics
of patients are summarised in Table 1. The initial FIGO
stage was IA in nine cases, IB in six, IC in three, IIA in one,
IIB in five, IIIA in seven, IIIB in one, IIIC in 13, IVB in
three and unstaged in one. Sixty whole-body FDG-PET
studies were done, with nine patients receiving two scans
and one patient receiving three scans. The mean follow-up
period after PET scanning was 14.0±9.9 months (range 6
days to 46.7 months). Forty-six patients underwent surgery,
one patient had radiotherapy alone and two patients did not
receive treatment. The histological subtype was endome-
trioid carcinoma in 26 cases, adenosquamous carcinoma in
six, serous papillary carcinoma in eight, clear cell carci-
noma in eight and small cell undifferentiated carcinoma in
one. Indications for FDG-PET included: 27 scans for pri-
mary staging, 26 for recurrence surveillance and seven after
salvage treatment.

Fig. 1. A 53-year-old female
with clear cell carcinoma of the
endometrium, stage IIIc, under-
went radical hysterectomy and
adjuvant chemotherapy. Pro-
gressive elevation of serum CA-
125 (229 U/ml and 267 U/ml)
was noted after completion of
treatment. Conventional image
study found tumour metastases
in the pelvic cavity, pelvic
lymph nodes and para-aortic
lymph nodes. FDG-PET scan
detected an additional metastatic
lesion in a left supraclavicular
lymph node (arrow; SUV=1.5)

Table 1. Patient characteristics

Characteristic No. of patients (n=49) %

Age (years)
Median 55
Range 30–81
Stage
I 18 37
II 6 12
III 21 43
IV 3 6
Unstaged 1 2
FIGO grade
1 13 27
2 13 27
3 23 47
Histology
Adenocarcinoma 26 53
Adenosquamous carcinoma 6 12
Papillary serous 8 16
Clear cell 8 16
Small cell 1 2

FIGO International Federation of Gynecology and Obstetrics
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Table 2. Comparisons of 615a ROIs between MRI-CT alone and PET plus MRI-CT in 60 scans of 49 endometrial cancer patients

Disease site TP TN FP FN Sensitivity (%) [95% CI] Specificity (%) [95% CI] Accuracy (%) [95% CI]

Peritoneum
FDG-PET 5 51 1 0 100 [−] 98 [90–100] 98 [91–100]
MRI-CT alone 2 51 1 3 40 [5–85] 98 [90–100] 93 [83–98]
Combined 5 51 1 0 100 [−] 98 [90–100] 98 [91–100]
Bone
FDG-PET 2 50 1 0 100 [−] 98 [90–100] 98 [90–100]
MRI-CT alone 2 50 1 0 100 [−] 98 [90–100] 98 [90–100]
Combined 2 50 1 0 100 [−] 98 [90–100] 98 [90–100]
Liver
FDG-PET 3 52 1 1 75 [19–99] 98 [90–100] 96 [88–100]
MRI-CT alone 3 52 1 1 75 [19–99] 98 [90–100] 96 [88–100]
Combined 3 52 1 1 75 [19–99] 98 [90–100] 96 [88–100]
Lung
FDG-PET 5 48 0 0 100 [−] 100 [−] 100 [−]
MRI-CT alone 4 46 2 1 80 [28–99] 96 [86–99] 94 [84–99]
Combined 5 48 0 0 100 [−] 100 [−] 100 [−]
MLN
FDG-PET 0 51 2 0 NA 96 [87–100] 96 [87–100]
MRI-CT alone 0 52 1 0 NA 98 [90–100] 98 [90–100]
Combined 0 52 1 0 NA 98 [90–100] 98 [90–100]
SLN
FDG-PET 6 52 0 0 100 [−] 100 [−] 100 [−]
MRI-CT alone 5 52 0 1 83 [36–100] 100 [−] 98 [91–100]
Combined 6 52 0 0 100 [−] 100 [−] 100 [−]
PALN
FDG-PET 11 40 2 2 85 [55–98] 95 [84–99] 93 [82–98]
MRI-CT alone 6 42 0 7 46 [19–75] 100 [−] 87 [76–95]
Combined 11 41 1 2 85 [55–98] 98 [87–100] 95 [85–99]
PLN
FDG-PET 11 41 2 4 73 [45–92] 95 [84–99] 90 [79–96]
MRI-CT alone 8 41 2 7 53 [27–79] 95 [84–99] 85 [73–93]
Combined 13 42 1 2 87 [60–98] 98 [88–100] 95 [86–99]
ILN
FDG-PET 3 53 0 0 100 [−] 100 [−] 100 [−]
MRI-CT alone 2 53 0 1 67 [9–99] 100 [−] 98 [90–100]
Combined 3 53 0 0 100 [−] 100 [−] 100 [−]
Central site/pelvis
FDG-PET 26 26 3 3 90 [73–98] 90 [73–98] 90 [79–96]
MRI-CT alone 25 27 2 4 86 [68–96] 93 [77–99] 90 [79–96]
Combined 27 27 2 2 93 [77–99] 93 [77–99] 93 [83–98]
Other metastatic sites
FDG-PET 4 50 2 1 80 [28–100] 96 [87–100] 95 [85–99]
MRI-CT alone 1 51 1 4 20 [1–72] 98 [90–100] 91 [81–97]
Combined 4 52 0 1 80 [28–100] 100 [−] 98 [91–100]
Total
FDG-PET 76 514 14 11 87 [79–94] 97 [96–99] 96 [94–97]
MRI-CT alone 58 517 11 29 67 [56–76] 98 [96–99] 94 [91–95]
Combined 79 520 8 8 91 [83–96] 99 [97–99] 97 [96–99]

FDG-PET18 F-fluorodeoxyglucose positron emission tomography, MRI-CT magnetic resonance imaging and/or computed tomography,
MLN mediastinal lymph nodes, NA not applicable, SLN supraclavicular lymph nodes, PALN para-aortic lymph nodes, PLN pelvic lymph
nodes, ILN inguinal lymph nodes, TP true positive, TN true negative, FP false positive, FN false negative
aIndeterminate lesions at the time of analysis were not included
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Diagnostic efficacy

Although dual-phase PET scan was performed in all, no
statistical significant differences in SUV or diagnostic
efficacy between early and late images were found (data
not shown). Therefore, we used 40-min scan results for all
analyses in this study. The mean SUVs of true-positive
lesions were 13.2 (range 5.7–37.4) for central pelvic le-
sions and 11.1 (range 1.5–37.4) for metastases (Fig. 1). For
every scan, 11 sites were evaluated (11×60=660 sites). On
a lesion-by-lesion basis, 45 ROIs with unsettled lesion
status remained indeterminate and were not evaluated at the
time of this report. Results of comparison between FDG-
PET plus MRI-CT and MRI-CT alone in respect of the
remaining 615 ROIs are summarised in Table 2. The sen-
sitivity of FDG-PET plus MRI-CT (91%, 95%CI 83–96%)
was significantly higher than that of MRI-CT alone (67%,
95%CI 56–76%) in overall lesion detection (P<0.0001),
and a significant difference was also observed when com-
paring FDG-PET alone (87%, 95%CI 79–94%) with MRI-
CT alone in overall detection (P<0.0001). Furthermore, the
accuracy of FDG-PET plus MRI-CT was significantly
different from that of MRI-CT alone (97%, 95%CI 96–99
vs 94%, 95%CI 91–95, P<0.0001); only specificity (99%,
95%CI 97–99 vs 98%, 95%CI 96–99, P=0.344) was not
significantly different. We used the ROC method to eval-
uate the diagnostic efficacy of FDG-PET plus MRI-CT
versus MRI-CT alone (Table 3). FDG-PET alone was
marginally superior to MRI-CT in overall detection (AUC
0.929 vs 0.872; P=0.063). However, the integration of PET
into conventional imaging studies significantly improved
overall lesion detection (AUC 0.949 vs 0.872; P=0.004)
(Fig. 2), detection of pelvic soft tissue and pelvic nodes
(AUC 0.944 vs 0.868; P=0.048) and detection of extra-

pelvic metastases (AUC 0.949 vs 0.838; P=0.010). Addi-
tional FDG-PET was superior to MRI-CT alone in the
detection of extrapelvic soft tissue metastases (P=0.007),
but not in the detection of extrapelvic lymph nodes
(P=0.237).

Clinical impact of FDG-PET

Clinical impacts of the 60 scans are summarised in Table 4.
Overall, the treatment plan was positively influenced as a
result of 29 (48.3%) scans. Of the 27 scans included for
primary staging, six (22.2%) had a positive clinical impact.
These six patients had treatment modification owing to
correct staging after FDG-PET evaluation. In three patients
with clinical stage IB but elevated CA-125, surgery was
changed to para-aortic lymphadenectomy plus standard
surgical staging for occult para-aortic LNs or adnexal me-
tastases. In addition, FDG-PET showed right adrenal gland
metastasis in one patient with extensive pelvic and para-
aortic LN metastases (on pretreatment MRI), who under-
went optimal curative-intent surgery and removal of the
metastatic right adrenal gland (Fig. 3). Microscopic resid-
ual disease was established in this patient because of the
FDG-PET finding. In one of the patients with unstaged
clear cell carcinoma who was referred after TAH-BSO,
adjuvant radiotherapy was performed to the whole pelvis
on the basis of the PET findings (score 3) in the pelvis, and
no relapse was observed in the subsequent 23 months. In
another patient, the treatment strategy was changed to pal-
liative treatment because of FDG-PET detection of exten-
sive dissemination with left sacral metastasis.

Of the 26 scans performed for surveillance of recur-
rence, 19 (73.1%) yielded a benefit. In seven patients PET
confirmed isolated distant recurrences, resulting in adher-
ence to curative salvage treatment (Table 5), while in five
disseminated disease was confirmed. Among the remaining

Fig. 2. For evaluation of lesions in 49 endometrial cancer patients, the
ROC curves showed that FDG-PET plus MRI-CT was significantly
superior to MRI-CT alone [area under the curve (AUC) 0.949 vs
0.872; P=0.004]

Table 3. Evaluation of diagnostic efficacy of MRI-CT alone and
FDG-PET plus MRI-CT in 49 patients using ROC curves

AUC P value

Overall 0.004
MRI-CT alone 0.872
PET plus MRI-CT 0.949
Pelvis+pelvic LN 0.048
MRI-CT alone 0.868
PET plus MRI-CT 0.944
Extrapelvic metastases 0.010
MRI-CT alone 0.838
PET plus MRI-CT 0.949
Extrapelvic LN 0.237
MRI-CT alone 0.894
PET plus MRI-CT 0.948
Extrapelvic soft tissue metastases 0.007
MRI-CT alone 0.771
PET plus MRI-CT 0.950

FDG-PET18 F-fluorodeoxyglucose positron emission tomography,
MRI-CT magnetic resonance imaging and/or computed tomography,
ROC receiver operating characteristic, AUC area under the curve
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seven cases, negative FDG-PET results led to deferral of
exploration in two patients who had false-positive findings
on conventional studies. Both remained free of disease at
15.8 and 9.6 months of follow-up, respectively. In two
other patients, FDG-PET facilitated early detection of dis-
ease recurrence in the presence of unexplained elevation of
serum CA-125 and extensive but manageable LN metas-
tases. In the remaining three patients absence of recurrence
was confirmed by FDG-PET.

Seven PET scans were performed after salvage therapy
and four (57.1%) yielded a clinical benefit. One patient had
had a persistent elevated CA-125 and suspicious lung le-
sions (on CT) at 30 months after the third salvage treatment
while PET scans were negative. Her first and second re-
currences in the left parametrium and left iliac fossa, re-
spectively, were controlled, as reported previously [8]. She
had a third relapse at the upper margin of the intraoperative
radiotherapy field, which was again controlled with surgery
and adjuvant chemotherapy. Hence she was observed and
subsequent follow-up CT and PET were negative; she has
now been progression-free for 65 months after her third
relapse. Another patient who presented with lung metas-
tasis and multiple upper abdominal recurrences after initial
surgery at another hospital underwent cytoreductive sur-
gery and chemotherapy followed by high-dose progestin.
Because of FDG-avid residual lung lesions, she received
intensity-modulated radiotherapy to a residual lung nodule
as consolidation. She has been disease-free for 27 months
since salvage treatment. Two other patients with incurable
disease were switched to palliative therapy for disseminat-
ed disease.

On the other hand, in one patient undergoing primary
staging, both FDG-PET and MRI erroneously suggested a
bone metastasis; this patient underwent a negative bone
biopsy and has remained disease-free for 13.8 months.
FDG-PET had a negative impact in three of the patients
undergoing surveillance of recurrence/restaging post re-
currence. One patient had an unnecessary liver aspiration
for a false-positive liver lesion. The second patient under-
went exploratory laparotomy for documented pelvic recur-
rence, with multiple liver metastases being revealed during
surgery. Both FDG-PET and MRI were falsely negative for
liver lesions in this case. The third patient, with clinically
advanced cancer, was misinterpreted as being totally dis-
ease-free on the basis of FDG-PET shortly after postoper-
ative chemoradiation therapy, and developed full-blown
disseminated disease 3 months later. There was no adverse
result in patients who have received salvage therapy.

Discussion

Limited information is available regarding the clinical util-
ity of FDG-PET in endometrial cancer [19–23]. Only two
reports have provided SUV data when assessing the FDG
avidity of endometrial cancer: one included five patients
who had a mean SUVof 18.8±9 [27] and the other included
nine patients with a SUV range of 3.8–16.8 [28]. Lerman
et al. found substantial variations in endometrial uptake
when comparing patients with benign endometrial pathol-
ogy (mean SUVmax 4.5±2.1, range 2.3–8.2), patients with
normal menstrual cycles (menstrual phase: mean SUVmax

Fig. 3. Detection of occult right
adrenal metastasis (arrow) by
FDG-PET. From left to right:
MRI (which failed to detect the
lesion), PET and fusion images.
On the PET and fusion images,
FDG uptake in the adrenal
metastasis is demonstrated
(SUV=6.2)

Table 4. Clinical impact of
FDG-PET scanning in endome-
trial cancer (n=60 scans)

ai=correct staging; ii=confirmed
sole site of metastasis; iii=early
detection of recurrence;
iv=deferred exploration;
v=palliative treatment
bMRI-CT score ≥3

Study criteria No. of scans Impact

Negative No change Positive

Primary staging 27 1 20 6
Clinically advanced stage 11 1 8 2 (1i, 1v)a

Elevated CA-125 10 0 7 3 (all i)a

Unfavourable histology 6 0 5 1 (i)a

Recurrence surveillance/restaging post
recurrence

26 3 4 19

Unexplained elevation of CA-125 1 0 0 1 (iii)a

Suspiciousb 25 3 4 18 (3i, 7ii, 1iii, 2iv, 5v) a

After salvage 7 0 3 4
Follow-up at 6–12 months 5 0 2 3 (1ii, 1iv, 1v)a

Unexplained elevation of CA-125 1 0 1
Suspiciousb 1 0 0 1 (v)a
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5±3.2, range 2.3–16.6; proliferative phase: mean SUVmax

2.6±1.1, range 1.1–5.7; ovulatory phase: mean SUVmax 3.7±
0.9, range 2–5.4; secretory phase: mean SUVmax 2.5±1.1,
range 1.3–5.6) and postmenopausal patients (mean SUVmax

1.7±0.5, range 0.8–3) [27]. Our data showed that the mini-
mum SUV of true-positive central pelvic lesions was 5.7
(mean 13.2±7.1), whereas it could be as low as 1.5 (mean
11.1±6.4) for metastatic lesions, indicating a great variation
in the uptake of endometrial cancer.

In a retrospective case series (n=34), Belhocine et al.
noted that FDG-PET had a sensitivity of 96% and a speci-
ficity of 78% for post-therapy surveillance and led to al-
teration in treatment in 35% [19]. Saga et al. evaluated 30
scans in postoperative patients and found a sensitivity of
100%, with the treatment plan being affected in 33.3%
[20]. Selecting well-defined clinical situations prospec-
tively, we found that the sensitivity of FDG-PET alone
(87%) or FDG-PET plus MRI-CT (91%) was significantly
higher than that of MRI-CT alone (67%) in overall lesion
detection. Furthermore, the accuracy of FDG-PET plus
MRI-CT was significantly higher than that of MRI-CT
alone (P<0.0001). Comparison of AUCs revealed that FDG-
PET plus MRI-CT significantly improved diagnostic effi-
cacy in overall lesion detection (p=0.004).

The value of an additional diagnostic tool should be
judged on the basis of whether the information acquired
may result in better clinical decisions, although the defini-
tion of clinical benefit could differ in various clinical sit-
uations. In our series, the treatment plan was positively
influenced by 29 (48.3%) scans. Notably, in seven patients
distant metastasis to a sole site was confirmed by FDG-
PET, hence facilitating aggressive management and sub-
sequent good outcome (Table 5). The reassurance offered
by FDG-PET improved the chance of survival in these
patients, in whom palliative treatment may be taken for
granted.

Horowitz et al. [23] have recently reported a prospective
study on the role of FDG-PET in primary staging. A total
of 11% (2 of 18) patients had pathological nodal metas-
tasis. PET predicted that three patients had positive nodes;
two of these findings proved true positive and one, false
positive. In the current consensus, endometrial cancer is a
surgical disease and surgical staging must be instituted if

feasible, though the extent of retroperitoneal lymph node
dissection has been controversial. We expected a low yield
of nodal metastases in clinical stage I or II disease. More-
over, it was our expectation that PET would not be sen-
sitive enough to replace lymphadenectomy. Therefore we
selected those patients with a high risk of extrauterine
spread, unfavourable cell types or elevated serum CA-125
level for primary staging with additional PET.

Our results demonstrated that only 30% (three out of ten
scans) of the subgroup with pre-treatment elevation of the
CA-125 level derived clinical benefit from FDG-PET.
Sometimes FDG-PET led to upstaging, or the FIGO stage
remained the same but PET facilitated complete identifi-
cation of tumour extent and facilitated a decision on the
optimal extent of surgery. On the other hand, although both
MRI-CT and FDG-PET missed one patient with positive
peritoneal cytology, this did not on the whole affect the
treatment (peritoneal lavage cytology is performed rou-
tinely for every endometrial cancer patient) and therefore
the clinical impact was designated as “no change”. Three
patients accrued owing to a CA-125 value of >35 U/ml had
no clinical benefit from additional PET in the presence of
coexisting adenomyosis. Elevated CA-125 levels are often
encountered in patients with other gynaecological abnor-
malities such as subclinical endometriosis, adenomyosis
and pelvic inflammatory disease.

In our series, additional FDG-PET had a positive impact
in 73.1% of cases when performed for post-therapy sur-
veillance; this confirms the findings of earlier retrospective
studies [20, 21]. As mentioned above, one of our patients
with stage IIIc cancer and chemoradiation had full-blown
disseminated disease 3 months following a completely neg-
ative FDG-PET scan (performed within 2 months of the last
course of chemotherapy). This was in contrast to the results
of Saga et al., who found no false-negative FDG-PET cases
among 30 FDG-PET examinations [21]. We assumed that
previously irradiated tissues are likely to be inherently more
heterogeneous, fibrotic and relatively poorly vascularised
than untreated tumour, which may result in different meta-
bolic uptake. Hence, the efficacy of FDG-PET could be
compromised if it were to be used as an imaging tool in
patients who have very recently undergone surgery and
chemoradiation. On the other hand, distant metastasis at an

Table 5. Detailed data of the seven patients with FDG-PET confirmation of recurrence at a sole site

Patient Age (yrs) Primary stage Recurrence site Salvage treatment Outcome

1 64 IIIa Solitary lung lesion Lobectomy+TP ×6 AWD 21 mo. from relapse
2 56 IV Left supraclavicular LN Radiation, subsequent suburethral

re-recurrence in 12 mo.; excised
NED 27 mo. from second relapse

3 54 Ib Left inguinal LN Concurrent chemoradiation NED 21 mo. from relapse
4 66 IIb Liver nodule, segment 7 Radiofrequency ablation NED 27 mo. from relapse
5 65 Ia, clear cell

histology
Para-aortic LN Concurrent chemoradiation,

TP ×4+PE ×2
NED 15 mo. from relapse

6 52 IIIc Solitary lung lesion Concurrent chemoradiation AWD 20 mo. from relapse
7 60 IIIc Lung solitary lung lesion Lobectomy+concurrent chemoradiation NED 29 mo. from relapse

LN lymph node, NED no evidence of disease, AWD alive with disease, TP paclitaxel and cisplatin, PE cisplatin and epirubicin
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unirradiated site could be identified by PET despite the ab-
sence of high FDG uptake (supraclavicular node in Fig. 1).

The aims of PET in patients with recurrence are to
reduce the number of patients explored for occult dissem-
inated disease and also to permit precise delivery of sur-
gical or radiation treatment to all localised lesions. When
the recurrence is localised, surgery such as exenteration can
be employed to eradicate the previously irradiated recurrent
cancer [3, 5, 29, 30]. Morris et al. and Barakat et al.
reported 5-year survival rates of 45% and 20%, respec-
tively, despite high operative complication rates of 60%
and 80% [29, 30]. The rationale for salvage surgery could
be more solid with PET restaging. Confirmation of persis-
tent viable tumour cells or re-recurrent disease after salvage
will help action to be taken at the earliest opportunity. The
integration of whole-body FDG-PET scanning into con-
ventional imaging studies exhibits superiority in delineat-
ing tumour extent for primary staging or restaging after
relapse, in facilitating early detection of recurrence or re-
recurrence and in avoiding over-treatment. Substantial ben-
efits can be achieved in well-selected endometrial cancer
patients.
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