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ABSTRACT

Objective. The aim of this study was to investigate the

value of [18F]fluorodeoxyglucose-positron emission

tomography/computed tomography (FDG-PET/CT) in

predicting lymph node status in node-negative endometrial

cancer on preoperative magnetic resonance imaging (MRI).

Methods. Patients with endometrial cancer who under-

went both preoperative MRI and FDG-PET/CT followed

by hysterectomy and lymphadenectomy were initially

included. We then enrolled patients with MRI-defined

node-negative disease (lymph nodes \1 cm in the short-

axis diameter, or no visible lymph node). Histologic

examination was the gold standard for lymph node

metastasis diagnosis. The diagnostic performance of FDG-

PET/CT in predicting lymph node metastasis was calcu-

lated in patient-by-patient and lymph node station-by-

station analyses.

Results. On preoperative MRI, 362 patients had no lymph

node metastasis. All patients underwent pelvic lymph node

dissection and 118 patients underwent further para-aortic

lymph node dissection. From 2099 lymph node stations,

10,238 lymph nodes were retrieved. Twenty-seven patients

(7.5%) had lymph node metastasis in 49 lymph node sta-

tions (2.3%) on pathologic examination. FDG-PET/CT

identified lymph node metastasis in five patients (18.5%)

and eight lymph node stations (16.3%). The median

diameter of false-negative metastatic lymph nodes was

6 mm (range 1–22) in the long axis and 3 mm (range 1–11)

in the short axis. For para-aortic lymph nodes, FDG-PET/

CT diagnosed 2 of 11 patients (18.1%) with para-aortic

lymph node metastasis, and 3 of 12 para-aortic lymph node

stations (25%) with metastasis.

Conclusion. Preoperative FDG-PET/CT has low value in

predicting lymph node metastasis in node-negative

endometrial cancer on preoperative MRI.

Endometrial cancer is the most common gynecologic

malignancy in North America and Europe.1,2 In addition,

the incidence of endometrial cancer has rapidly increased

in Asian countries in recent years.3–5 The standard man-

agement of endometrial cancer is surgery, which includes

hysterectomy, bilateral salpingo-oophorectomy, and pelvic

and/or para-aortic lymph node dissection.6 Two random-

ized controlled trials suggested that routine lymph node

dissection does not improve the survival outcomes of

endometrial cancer;7,8 therefore, the main role of lymph

node dissection is in staging, specifically to guide postop-

erative adjuvant therapy and predict endometrial cancer

prognosis.9 Because lymph node dissection causes
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morbidity in a significant number of patients, and decreases

their quality of life, it is important to accurately predict

lymph node status preoperatively to avoid futile lymph

node dissection if possible.9

Enhanced magnetic resonance imaging (MRI) is the best

preoperative diagnostic tool to predict lymph node status in

endometrial cancer;6 however, because MRI is based on a

change in lymph node morphology, its diagnostic perfor-

mance in small metastatic lymph nodes \1 cm is not

reliable. [18F]Fluorodeoxyglucose-positron emission tomog-

raphy (FDG-PET) is a metabolic imaging modality that can

detect early changes in morphologically normal organs.

The integration of FDG-PET and computed tomography

(CT) has improved the anatomic localization of metabolic

changes in PET. Therefore, FDG-PET/CT is expected to

have better diagnostic performance for small metastatic

lymph nodes without morphological changes on MRI.

However, the performance of FDG-PET/CT in patients

with negative findings on MRI has not yet been evaluated.

The aim of our present study was to evaluate the diagnostic

performance of preoperative FDG-PET/CT in predicting

lymph node status in node-negative endometrial cancer on

MRI.

MATERIALS AND METHODS

Study Patients

We identified patients with endometrial cancer who

were treated at the Asan Medical Center, Seoul, Korea,

between 2007 and 2011, using the electronic database and

electronic medical records of the institution. MRI of the

abdomen and pelvis, as well as FDG-PET/CT, were rec-

ommended to all patients with histologically confirmed

endometrial cancer prior to surgery at the Asan Medical

Center during the study period. Patients meeting the fol-

lowing criteria were included: (1) previously untreated

endometrial cancer; (2) one of the following histological

subtypes: endometrioid, mucinous, serous, clear cell,

undifferentiated, mixed, or carcinosarcoma; (3) primary

surgery that included hysterectomy and pelvic and/or para-

aortic lymph node dissection at the Asan Medical Center;

and (4) MRI of the abdomen and pelvis, as well as FDG-

PET/CT, at the Asan Medical Center within 4 weeks prior

to surgery. This study was approved by the Institutional

Review Board of the Asan Medical Center, Seoul, Korea.

Pelvic and/or Para-Aortic Lymph Node Dissection

Bilateral pelvic and/or para-aortic lymph node dissec-

tion was performed and the lymph node stations were

defined as previously reported.10 No patient underwent

sentinel lymph node mapping during surgery. Pelvic and

para-aortic lymph node areas were divided into eight

lymph node stations during surgery in each patient (Fig. 1).

In brief, lymph nodes over the external iliac vessels

between the deep circumflex iliac vein and the bifurcation

of the iliac vessels were removed and marked as external

iliac lymph nodes; lymph nodes in the obturator area

between the lower border of the external iliac vessels and

lateral border of the internal iliac vessels and lymph nodes,

which are located over, and medial to, the internal iliac

vessels, were removed and marked as obturator/internal

iliac lymph nodes; lymph nodes around the common iliac

vessels between the bifurcation of the common iliac vessels

and aortic bifurcation were removed and marked as com-

mon iliac lymph nodes; lymph nodes around the inferior

vena cava and aorto-caval area between the aortic bifur-

cation and the origin of the left gonadal vessels were

removed and marked as right para-aortic lymph nodes; and

lymph nodes located in the left side of the aorta between

the aortic bifurcation and left renal vein were removed and

marked as left para-aortic lymph nodes.

FIG. 1 Pelvic and para-aortic lymph node stations. 1 Right para-

aortic lymph node station; 2 left para-aortic lymph node station; 3

right common iliac lymph node station; 4 left common iliac lymph

node station; 5 right external iliac lymph node station; 6 left external

iliac lymph node station; 7 right obturator/internal iliac lymph node

station; 8 left obturator/internal iliac lymph node station
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All of the retrieved lymph nodes were evaluated

pathologically, and were bisected along the long axis and

cut perpendicular to the long axis at 1-mm intervals for

pathologic examination. Histological sections of lymph

nodes were stained with hematoxylin and eosin. The results

of the pathologic examination were reported for each

lymph node station and included the number of lymph

nodes retrieved, number of metastatic lymph nodes, and

size of metastatic lymph nodes. For our present study, the

size of the metastatic lymph nodes in both the long and

short axes was measured by two pathologists who spe-

cialized in gynecologic oncology.

Preoperative Magnetic Resonance Imaging

of the Abdomen and Pelvis

The protocol of MRI of the abdomen and pelvis is

described in electronic supplementary File 1. Two radiol-

ogists who were blinded to the patients’ clinical

information, as well as the FDG-PET/CT and pathologic

results for the lymph nodes, reviewed all MRI images

together, and the results were recorded according to their

consensus. Lymph nodes \1 cm in diameter in the short

axis, or no visible lymph nodes on MRI, were defined as

negative lymph nodes on MRI. The definitions of lymph

node stations for the MRI review were the same as those of

the lymph node dissection discussed above.

Preoperative [18F]Fluorodeoxyglucose-Positron

Emission Tomography/Computed Tomography

The protocol of FDG-PET/CT is described in electronic

supplementary File 1. Two board-certified nuclear medi-

cine physicians who were also blinded to the patients’

clinical information, as well as the MRI and pathologic

results for the lymph nodes, reviewed all FDG-PET/CT

images together and reached a consensus. Lymph nodes

that had a higher uptake than the surrounding tissues were

regarded as positive for malignancy, regardless of size.

Equivocal uptakes that were similar to blood pool activity

were regarded as negative. Physiologic uptake at the

bowel, ureter, or ovaries was excluded. Lymph node sta-

tions were determined by referring to the combined CT.

The definitions of lymph node stations for the FDG-PET/

CT review were the same as those of the lymph node

dissection discussed above.

Statistical Analysis

The sensitivity, specificity, positive predictive value,

negative predictive value, and accuracy of FDG-PET/CT in

predicting lymph node metastasis were assessed in patient-

by-patient and lymph node station-by-station analyses with

95% confidence interval (CI). The mean values were

compared using Student’s t-test, and the sensitivity and

specificity between two independent groups were com-

pared using the Chi square test or Fisher’s exact test. A p-

value \0.05 in a two-sided test were regarded as statisti-

cally significant. All statistical analyses were performed

using SPSS software, version 21.0 (IBM Corporation,

Armonk, NY, USA).

RESULTS

Study Patients

During the study period, 498 patients with endometrial

cancer underwent primary surgery at the Asan Medical

Center (Fig. 2). We excluded 83 of these patients who

refused preoperative MRI of the abdomen and pelvis and/

or FDG-PET/CT, and 22 patients who refused lymph node

dissection and did not undergo lymph node dissection. The

remaining 393 patients underwent both MRI and FDG-

PET/CT prior to surgery and underwent bilateral pelvic

and/or para-aortic lymph node dissection. Of these patients,

362 did not have a positive lymph node on preoperative

MRI and were included in the analysis. Patient character-

istics are listed in Table 1.

Lymph Node Dissection

All 362 study patients underwent pelvic lymph node

dissection and 118 patients further underwent para-aortic

lymph node dissection. Lymph node dissection was per-

formed in 2099 lymph node stations. A total of 10,238

lymph nodes were retrieved, and 83 lymph nodes had a

metastasis on pathologic examination.

Patient-by-Patient Analysis

Twenty-seven patients had lymph node metastasis on

pathologic examination. The characteristics of 27 patients

with lymph node metastasis are shown in Table 2. Five

cases (2/27, 18.5%) were diagnosed with lymph node

metastasis using FDG-PET/CT (see Table 3 for the FDG-

PET/CT and pathologic results of the patients). The

sensitivity, specificity, negative predictive value, positive

predictive value, and accuracy of FDG-PET/CT in pre-

dicting lymph node metastasis were 18.5% (95% CI

7.0–38.7), 94% (95% CI 90.8–96.2), 20% (95% CI

7.6–41.3), 93.5% (95% CI 90.1–95.8), and 88.4%

(95% CI 85.1–91.7), respectively, in patient-by-patient

analysis.
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Lymph Node Station-by-Station Analysis

Lymph node metastasis was found in 49 lymph node

stations on pathologic examination. Eight of 49 lymph node

stations (16.3%) were diagnosed with lymph node metastasis

using FDG-PET/CT (see Table 3 for the FDG-PET/CT and

pathologic results of the lymph node stations). The sensi-

tivity, specificity, negative predictive value, positive

predictive value, and accuracy of FDG-PET/CT in predict-

ing lymph node metastasis were 16.3% (95% CI 7.8–30.2),

98.8% (95% CI 98.2–99.2), 25% (95% CI 12.1–43.8), 98%

(95% CI 97.3–98.6), and 96.9% (95% CI 96.2–97.6),

respectively, in lymph node station-by-station analysis.

Characteristics of False-Negative Metastatic Lymph

Nodes

FDG-PET/CT detected 19 of 83 metastatic lymph nodes.

The median diameter of the 19 true-positive metastatic

lymph nodes was 8 mm (range 2–41) in the long axis and

5 mm (range 1–24) in the short axis. The remaining 64

metastatic lymph nodes were false-negative on FDG-PET/

CT. The median diameters of false-negative metastatic

lymph nodes were 6 mm (range 1–22) in the long axis and

3 mm (range 1–11) in the short axis. There was no statis-

tically significant difference in the long-axis diameter

between true-positive metastatic lymph nodes and false-

negative metastatic lymph nodes (p = 0.070). However,

the short-axis diameter of false-negative metastatic lymph

nodes was significantly shorter than the short-axis diameter

of true-positive metastatic lymph nodes (p = 0.043).

Diagnostic Performance in Predicting Para-Aortic

Lymph Node Metastasis

Para-aortic lymph node dissection was performed in 118

patients, and 907 para-aortic lymph nodes were retrieved

from 190 para-aortic lymph node stations. Twenty-eight

metastatic lymph nodes were revealed on pathologic

examination of 12 para-aortic lymph node stations in 11

patients. FDG-PET/CT was able to diagnose 2 of 11

patients (18.1%) with para-aortic lymph node metastasis

and 3 of 12 para-aortic lymph nodes stations (25%) with

metastasis. The sensitivity, specificity, negative predictive

value, positive predictive value, and accuracy of FDG-

PET/CT in predicting para-aortic lymph node metastasis

were 18.2% (95% CI 3.2–52.2), 98.1% (95% CI

92.8–99.7), 92.1% (95% CI 85.1–96.1), 50% (95% CI

9.2–91.0), and 90.7% (95% CI 85.5–95.9%), respectively,

in patient-by-patient analysis, and 25% (95% CI 6.7–57.2),

98.9% (95% CI 95.6–99.8), 95.1% (95% CI 90.7–97.6),

60% (95% CI 17.0–92.7), and 94.2% (95% CI 90.9–97.5),

respectively, in lymph node station-by-station analysis

(Table 3). The median diameters of false-negative meta-

static para-aortic lymph nodes were 5.5 mm (range 1–12)

in the long axis and 2.8 mm (range 1–7) in the short axis.

498 patients
with endometrial cancer

Excluded:
  83 patients: No MRI or PET/CT
  2 patients: No lymph node dissection

Excluded:
  31 patients: Node positive on MRI

393 patients
with both MRI & PET/CT

362 patients:
Node negative on MRI

25 patients: Node
positive on PET/CT

337 patients: Node
negative on PET/CT

5 patients:
Node positive
on pathology

20 patients:
Node negative
on pathology

22 patients:
Node positive
on pathology

315 patients:
Node negative
on pathology

FIG. 2 Patient selection

process. MRI magnetic

resonance imaging, PET/CT

positron emission

tomography/computed

tomography
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Subgroup Analysis According to Risk Group and Body

Mass Index

Patients were divided into two risk groups: low-risk

group versus high-risk group. Patients with grade 1–2,

endometrioid histology, and myometrial invasion less than

half were classified as the low-risk group (n = 253), and

patients with papillary serous histology, clear cell histol-

ogy, carcinosarcoma histology, grade 3 endometrioid

histology, or myometrial invasion more than half were

TABLE 1 Characteristics of the study patients [n = 362]

N %

Age (years)

Median 53

Range 27–53

FIGO stage

IA 265 73.2

IB 46 12.7

II 11 3

IIIA 7 1.9

IIIB 4 1.1

IIIC1 17 4.7

IIIC2 10 2.8

IVB 2 0.6

Histology

Endometrioid 311 85.9

Serous 24 6.4

Clear cell 1 0.3

Carcinosarcoma 14 3.9

Mixed 12 3.3

Differentiation grade

Well 213 58.8

Moderate 95 26.2

Poor 54 14.9

FIGO International Federation of Obstetrics and Gynecology

TABLE 2 Diagnostic performance of PET/CT in detecting lymph node metastasis in node-negative endometrial cancer on MRI

Lymph node on pathology Total

Positive Negative

Patient-by-patient analysis

Lymph node on PET/CT

Positive 5 20 25

Negative 22 315 337

Total 27 335 362

Lymph node station-by-station analysis

Lymph node on PET/CT

Positive 8 24 32

Negative 41 2026 2067

Total 49 2050 2099

PET/CT positron emission tomography/computed tomography, MRI magnetic resonance imaging
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classified as the high-risk group (n = 109). The sensitivity,

specificity, and accuracy of FDG-PET/CT in predicting

lymph node metastasis were 0% (0/7), 96.7% (238/246),

and 94.1% (238/253), respectively, for the low-risk group,

and 25% (5/20), 86.5% (77/89), and 75.2% (82/109),

respectively, for the high-risk group. There was no statis-

tically significant difference in sensitivity (p = 0.238)

between the low- and high-risk groups; however, the

specificity was significantly better in the low-risk group

(p\ 0.001).

The mean body mass index (BMI) of patients was

25.09 kg/m2 (range 16.79–43.85), and patients were divi-

ded into normal-BMI (BMI \25 kg/m2, n = 198) and

high-BMI (BMI C25 kg/m2, n = 164) groups. The sensi-

tivity, specificity, and accuracy of FDG-PET/CT in

predicting lymph node metastasis were 17.6% (3/17),

93.9% (170/181), and 87.4% (173/198), respectively, for

the normal-BMI group, and 20% (2/10), 94.2% (145/154),

and 89.6% (147/164), respectively, for the high-BMI

group. There was no statistically significant difference in

sensitivity (p[ 0.999) and specificity (p = 0.928) between

the normal- and high-BMI groups.

DISCUSSION

The role of MRI and PET/CT in preoperative evaluation

of lymph node metastasis in endometrial cancer is still

controversial. The sensitivity, specificity, accuracy, posi-

tive predictive value, and negative predictive value of

preoperative MRI in predicting lymph node status have

been reported to be 50, 95, 90, 50, and 95%, respectively.11

Thus, MRI can predict only 50% of patients with lymph

node metastasis. The diagnostic performance of MRI in

detecting lymph node metastasis is limited in normal-sized

metastatic lymph nodes. In the present study, lymph node

metastasis was histologically identified in 7.5% (27/362) of

patients without metastasis on MRI. The sensitivity,

specificity, accuracy, positive predictive value, and nega-

tive predictive value of preoperative FDG-PET or PET/CT

in predicting lymph node status have been reported to be

63, 95, 43, 97, and 90%, respectively.12,13 Some studies

suggested the superiority of FDG-PET/CT to MRI in

endometrial cancer.14,15 FDG-PET/CT is expected to detect

early metabolic changes in normal-sized metastatic lymph

nodes that cannot be detected on MRI.16 However, in our

present study of patients with negative lymph nodes on

MRI, FDG-PET/CT was able to diagnose only five patients

(5/27, 18.5%) with lymph node metastasis, and only eight

lymph node stations (8/49, 16.3%) with lymph node

metastasis. Thus, FDG-PET/CT also had a low diagnostic

value in normal-sized metastatic lymph nodes.

The diagnostic value of FDG-PET or PET/CT in

patients with MRI-defined negative lymph nodes has not

been well-evaluated in most malignant diseases, including

endometrial cancer. Chou et al.17 reported the diagnostic

value of FDG-PET in 60 cervical cancer patients with

MRI-defined negative lymph node metastasis. In that

prospective study, 10 patients had pelvic lymph node

metastasis and one patient had para-aortic lymph node

metastasis histologically.17 However, FDG-PET detected

only one pelvic lymph node metastasis (1/10, 10%) and

para-aortic lymph node metastasis.17 The sensitivity and

false-negative rates were 10% and 90%, respectively.

These results are similar to those of our present study.

FDG-PET/CT predicted only 16% of metastatic pelvic

lymph nodes, but predicted 25% of metastatic para-aortic

lymph nodes, in the present study. This may be due to the

proximity of the ureter to the pelvic nodal basins. Because

TABLE 3 Diagnostic performance of PET/CT in detecting para-aortic lymph node metastasis in node-negative endometrial cancer on MRI

Lymph node on pathology Total

Positive Negative

Patient-by-patient analysis

Lymph node on PET/CT

Positive 2 2 4

Negative 9 105 114

Total 11 107 118

Lymph node station-by-station analysis

Lymph node on PET/CT

Positive 3 2 5

Negative 9 176 185

Total 12 178 190

PET/CT positron emission tomography/computed tomography, MRI magnetic resonance imaging
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we used non-contrast-enhanced CT, the physiologic uptake

of the ureter may be mistaken for pelvic lymph nodes in

some cases.

In predicting lymph node metastasis of endometrial

cancer, neither MRI nor FDG PET-CT are highly sensitive.

In patients with negative nodes on MRI, FDG-PET/CT has

low sensitivity in predicting lymph node metastasis. The

sensitivity of FDG-PET/CT in these patients was not dif-

ferent between the low- and high-risk groups, and was not

different between the normal- and high-BMI groups.

However, the specificity of FDG-PET/CT was significantly

better in the low-risk group compared with the high-risk

group. Therefore, FDG-PET/CT may guide treatment

properly, especially in medically compromised, inoperable

patients with low-risk histology.

In our study, we used a 1 cm criterion for negative

lymph nodes on MRI. Of several criteria for the diagnosis

of negative lymph nodes on MRI, the diameter of the short

axis of the lymph nodes was the only generally accepted

criterion. The size criteria for negative lymph nodes on

MRI, ranging between 4 and 15 mm, have been evaluated

in previous studies, with the 1 cm criterion being the most

common criterion for the upper limit of negative lymph

nodes on MRI.18–23 In the study by Choi et al., a 9 mm and

1 cm criteria for the short axis of the lymph nodes on MRI

showed the best performance in the diagnosis of negative

lymph nodes in uterine cancer compared with a smaller

size criteria.20 Many clinical trials on gynecologic cancers

also adopted the criterion of a 1 cm short-axis diameter of

lymph nodes in discrimination of negative lymph nodes.

We therefore used the 1 cm criterion of the short-axis

diameter of lymph nodes for the negative lymph nodes on

MRI.

For the evaluation of lymph node status in endometrial

cancer, lymph node dissection is still the gold standard.

Further studies are required to replace lymph node dis-

section with a non-invasive evaluation method. The use of

sentinel lymph node mapping with indocyanine green and

near-infrared fluorescence imaging technology in the

management of endometrial cancer is currently being

evaluated.24 A recent multicenter, prospective, cohort trial

(FIRES) showed the safety and efficacy of sentinel lymph

node mapping in endometrial cancer and suggested this can

safely replace lymph node dissection in the staging of

endometrial cancer.25 PET/MR and new radionuclide iso-

topes are also being studied for the management of

endometrial cancer.15,26 However, only preliminary expe-

riences regarding PET/MRI are available in the literature.

In a retrospective study, PET/MRI showed better accuracy

in the staging of endometrial cancer than PET/CT.27 Fur-

ther evaluation is needed to evaluate the role of PET/MRI

in endometrial cancer.

CONCLUSION

Preoperative FDG/PET/CT has low value in detecting

lymph node metastasis in endometrial cancer patients with

negative lymph nodes on MRI. Measured use of FDG-PET/

CT is needed and further studies are required to determine

the clinical indications and cost effectiveness of FDG-PET/

CT.
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