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Abstract

Background—The identification of extrauterine disease is critical in the management of high 

risk endometrial cancer. The purpose of this study was to determine the accuracy in the detection 

of extrauterine disease on preoperative PET/CT.

Methods—Women with high risk endometrial cancer were prospectively enrolled. They 

underwent preoperative PET/CT followed by surgery including sentinel lymph node biopsy and 

lymphadenectomy. Primary tumor factors on PET/CT were correlated with lymph node pathology. 
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Sensitivity, specificity, positive predictive value and negative predictive value were calculated for 

the detection of lymphadenopathy and peritoneal disease by PET/CT.

Results—A total of 112 patients were enrolled and had a PET/CT between April 2013 and May 

2016; 108 were evaluable On PET/CT, 21 patients (19.4%) had extrauterine disease; 18 (17%) had 

positive lymph nodes and 8 (7%) had peritoneal disease. 108 patients underwent surgery, 103 

(95%) underwent lymphadenectomy. The sensitivity of PET/CT to detect positive nodes was 

45.8%, specificity 91.1%, positive predictive value 61.1%, and negative predictive value 84.7%. 

The false negative rate was 54.2%. There was no difference in primary tumor characteristics on 

imaging between patients with positive and negative lymph nodes. The sensitivity of PET/CT to 

detect peritoneal disease was 37.5%, specificity 97.8%, positive predictive value 75%, and 

negative predictive value 90.0%. The false negative rate was 62.5%.

Conclusions—Preoperative PET/CT did not reliably predict the presence of extrauterine disease 

in women with high risk endometrial cancer. Given the high false negative rates, PET/CT should 

not be used in the preoperative treatment planning of these patients.

Precis:

Preoperative PET/CT does not reliably predict extrauterine disease in women with high risk 

endometrial cancer. PET/CT should not be used in the preoperative treatment planning of patients 

with high risk endometrial cancer.
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Introduction

Endometrial cancer is the most commonly diagnosed gynecologic cancer in the United 

States with an estimated 63,230 new cases and 11,350 deaths in 20181. In 1988, the 

International Federation of Gynecology and Obstetrics (FIGO) moved from a clinical to a 

surgical staging system for endometrial cancer. This decision was based on prospective data 

published by the Gynecologic Oncology Group (GOG) that established a relationship 

between disease prognosis and surgically determined risk factors2,3. The current 2010 FIGO 

recommendation for surgical staging of endometrial cancer includes hysterectomy, bilateral 

salpingo-oophorectomy, pelvic and paraaortic lymphadenectomy (LAD) and biopsy of any 

suspicious lesions. While complete lymphadenectomy is included in the FIGO staging of 

endometrial cancer, it remains controversial, especially in those patients with presumed early 

stage disease4. The accurate determination of lymph node status and the extent of metastatic 

disease is crucial in determining the most appropriate adjuvant therapy. The use of sentinel 

lymph node mapping has emerged as an effective diagnostic tool in lieu of a full 

lymphadenectomy and has been validated in prospective studies with a more favorable 

morbidity profile even in patients with high risk histology5,6.

In an effort to predict extrauterine disease preoperatively and optimize surgical planning, a 

multitude of non-invasive techniques have been evaluated. Endometrial biopsy, transvaginal 
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ultrasound, computed tomography scan (CT) and preoperative CA-125 have all been shown 

to be ineffective in the detection of lymph node or metastatic disease7–10. The use of 

PET/CT in high risk endometrial cancer to identify positive lymph nodes and extrauterine 

disease has also been evaluated, but studies have shown an unacceptably low sensitivity to 

be considered a recommended standard preoperative test. A meta-analysis of 16 studies 

published in 2013 demonstrated pooled sensitivity and specificity of 72.3% and 92.9% for 

nodal metastasis and 95.7% and 95.4% for metastatic disease using PET/CT, respectively11. 

Preoperative MRI, PET/CT and ultrasound have also been prospectively compared and 

correlated with pathology findings and none of these modalities were shown to be accurate 

enough to eliminate the need for surgical staging12.

The primary objective of this prospective study was to estimate the sensitivity, specificity, 

positive predictive value (PPV), negative predictive value (NPV) and false negative rate 

(FNR) in the detection of positive lymph nodes and peritoneal disease on preoperative 

PET/CT when compared to pathological findings in high risk EC patients.

Methods

This study was conducted after approval by the Institutional Review Board at the University 

of Texas MD Anderson Cancer Center. All newly diagnosed endometrial cancer patients 

were consecutively screened for eligibility and prospectively enrolled in this single arm 

study (). Patients were recruited from both MD Anderson Cancer Center and Lyndon B. 

Johnson Hospital and deemed eligible if they had a preoperative diagnosis of a high-risk 

endometrial cancer and were also a candidate for full surgical staging. High-risk endometrial 

cancer was defined as grade 3 endometrioid, serous, clear cell, carcinosarcoma or any mixed 

tumor containing one of these cell types. Patients with grade 1 or 2 endometrioid tumors 

with evidence of deep myometrial invasion or biopsy proven cervical involvement were also 

categorized as having high risk endometrial cancer and were also eligible for enrollment in 

the study. Patients were excluded if they had a positive pregnancy test, received any 

preoperative treatment for endometrial cancer including radiation or chemotherapy. Patients 

who had evidence of extensive peritoneal or distant metastatic disease on preoperative 

PET/CT who did not undergo surgery were excluded from the final analysis. Written 

informed consent was obtained prior to imaging.

Preoperative PET/CT was performed in all patients using18 F-fluorodeoxyglucose (FDG) per 

standard clinical protocol. Patients were required to fast for at least 6 hours and the serum 

blood glucose was measured and confirmed to be ≤200 mg/dl at the time of injection of the 

radiotracer. The PET/CT scan was then performed at least 60 minutes after the radiotracer 

injection to allow adequate distribution and localization. PET/CT scanning was from the 

level of the orbits to the proximal thighs, although the precise scan extent was allowed to 

vary slightly based on individual patient parameters. PET acquisition parameters were based 

on body mass index, and CT was performed using tube current modulation for dose 

reduction purposes. FDG-PET/CT scans were interpreted clinically.

For the study, two nuclear medicine physicians (BC, FW) who were blinded to the surgical 

results, independently reviewed each scan. They reported the presence or absence of pelvic 
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and/or retroperitoneal nodal hypermetabolism using a confidence scale of 1–4 for each site 

(1=no disease, 2=suspected no disease, 3=suspected disease, 4=definite disease). Visible 

lymph nodes were assessed using bi-dimensional measurements and intensity was assessed 

using maximum SUV. SUV quantifies the distribution of the tracer uptake within a region of 

interest normalized to the administered amount and patient weight. The primary endometrial 

tumor was analyzed separately to include tumor intensity (maximum and peak SUV), and 

MTV (metabolic tumor volume) obtained at a threshold of 40% of maximum and at a 

threshold of SUV=3.

All patients underwent comprehensive surgical staging. This included hysterectomy, 

bilateral salpingo-oophorectomy, pelvic cytology and sentinel lymph node mapping 

followed by a pelvic and paraaortic lymphadenectomy up to the level of the renal vessels. If 

peritoneal disease was encountered during surgery, sentinel lymph node mapping and 

lymphadenectomy were performed at the discretion of the surgeon. A minimally invasive 

surgical approach was offered to all appropriate candidates and the procedure was performed 

using traditional laparoscopy or with robotic assistance according to surgeon preference. The 

technique used for sentinel lymph node mapping has been previously described and 

validated5. The sentinel lymph nodes removed underwent ultrastaging. All sentinel lymph 

nodes <5mm were bi-valved and those >5mm were serially sectioned every 2mm. An H&E 

was performed on each section. If negative, an additional wide H&E stained slide and two 

unstained slides were obtained 250 μm into the tissue block. When the deeper H&E level 

was negative, a pan-cytokeratin stain was performed. It was ultimately considered negative if 

the pan-cytokeratin stain was negative or if it was positive and no tumor cells were 

identified. All macroscopic (>2mm), microscopic (0.2–2mm) and isolated tumor cells 

(<0.02mm) were considered positive for metastatic disease.All of the final pathologic 

specimens were reviewed by a gynecologic pathologist and were compared to both the 

preoperative PET/CT and to the pathologic results of the sentinel lymph nodes.

The primary outcome was to determine the false negative rate of PET/CT in the detection of 

positive lymph nodes and peritoneal disease in women with high risk endometrial cancer as 

compared to final histology. We also determined the sensitivity, specificity, positive 

predictive value (PPV) and negative predictive value (NPV) of PET/CT. Sample size was 

determined to be 100 patients based on an estimated 25% node positivity rate.

We used descriptive statistics to summarize age, body mass index (BMI), histology, grade, 

FIGO (2010) stage, maximum SUV, peak SUV, MTV SUV3, and MTV 40% overall and 

stratified by pathology result (positive/negative). We compared categorical variables using 

Fisher’s exact test, and we compared medians of continuous variables using the Wilcoxon 

rank sum test. We estimated sensitivity, specificity, positive predictive value (PPV), negative 

predictive value (NPV), and false negative rate (FNR) with 95% exact binomial confidence 

intervals.

Study data were collected and managed using REDCap electronic data capture tools hosted 

at MD Anderson. REDCap (Research Electronic Data Capture) is a secure, web-based 

application designed to support data capture for research studies, providing 1) an intuitive 

interface for validated data entry; 2) audit trails for tracking data manipulation and export 
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procedures; 3) automated export procedures for seamless data downloads to common 

statistical packages; and 4) procedures for importing data from external sources. All 

statistical analyses were performed using SAS 9.3 for Windows (Copyright © 2002–2010 by 

SAS Institute Inc., Cary, NC) and StatXact-7© for Windows (Copyright © 2005, 1989–

2005, Cytel Software Corporation, Cambridge, Massachusetts)13.

Results

There were 123 patients enrolled in the study between April 2013 and May 2016. Eleven 

patients were excluded because they did not have a preoperative PET/CT completed. Of the 

112 patients with preoperative PET/CT data available, four additional patients were 

excluded because: 1) surgery was aborted due to widespread disease and only vaginal 

biopsies were completed 2) biopsy demonstrated metastatic neuroendocrine tumor 3) final 

pathology demonstrated cervical cancer and 4) taken off study due to insurance denial. The 

remaining 108 patients were included in the final analysis (Figure 1).

The demographic characteristics of the included patients are shown in Table 1. Median age 

was 62 years (range 29 – 86). Median body mass index (BMI) was 32.1 kg/m2 (range 15.8 – 

64.3). The most common histology was endometrioid (37%) followed by papillary serous 

(27%) and clear cell carcinoma (19%). Two patients had no residual cancer on final 

pathology.Most patients (72%) had stage I-II disease on final pathology. A total of 90 

patients (83%) underwent minimally invasive surgery (laparoscopy 44%, robotic 37%, 

combined 3%). In the combined cases, a retroperitoneal paraaortic lymph node dissection 

was done via a laparoscopic approach and the hysterectomy and bilateral pelvic 

lymphadenectomy was performed using the robotics platform. All PET/CT scans were 

performed within 5 weeks of surgery, except for one patient had a PET/CT done 7 weeks 

prior to surgery.

On PET/CT review of the 108 patients, a total of 21 patients (19.4%) had extrauterine 

disease; 18 (17%) had positive lymph nodes and 8 (7%) had peritoneal disease. Of those 

with peritoneal disease on PET/CT, 5 of 8 also had positive lymph nodes on PET/CT. All 

patients underwent primary surgery and 103 (95%) underwent LAD. On final pathology, 24 

patients had positive lymph nodes and 16 patients had peritoneal disease. In the node 

positive group, 8/24 patients were determined to be lymph node positive on the basis of 

sentinel lymph node involvement only. Additionally, 2 of these 8 patients were determined 

to have positive lymph nodes by the presence of isolated tumor cells only. On PET/CT, there 

were no differences in the primary tumor characteristics between those patients with and 

without confirmed lymph node metastasis on final pathology as shown in Table 2. Median 

maximum SUV was 18.2 and 16.4 for patients with negative and positive lymph nodes, 

respectively (p=0.92). Median peak SUV was 15.9 vs 12.5 (p=0.38), median MTV SUV3 

was 25.5 vs 31.8 (p=0.28), and median MTV 40% was 9.6 vs 19.6 (p=0.05) for patients with 

negative and positive lymph nodes, respectively.

The efficacy of PET/CT in the detection of histologically confirmed positive lymph nodes is 

shown in Table 3. The sensitivity of PET/CT to detect positive nodes was 45.8%, specificity 

91.1%, PPV 61.1%, and NPV 84.7%. The FNR was 54.2%. The efficacy of PET/CT in the 
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detection of pathologically confirmed peritoneal disease is shown in Table 4. The sensitivity 

of PET/CT to detect peritoneal disease was 37.5% and specificity was 97.8%. The PPV and 

NPV was 75% and 90.0%, respectively. The FNR was 62.5%.

Discussion

In this prospective study, preoperative PET/CT in high risk endometrial cancer patients 

failed to identify patients with positive lymph nodes and metastatic disease 54.2% and 

62.5% of the time, respectively. These findings demonstrate that PET/CT should not be 

utilized as a primary tool in the initial preoperative evaluation, staging or surgical planning 

for high risk endometrial cancer patients. Surgical staging including intraoperative lymph 

node assessment should still be completed in all patients with high risk endometrial cancer 

given the unreliability of preoperative imaging in ruling out extrauterine disease.

In review of the literature, PET/CT has been reported to be marginally better than a standard 

diagnostic CT in the detection of lymph node involvement and metastatic disease in the 

recently published ACRIN 6671/GOG 0233 trial. The sensitivity, however, was only 65% 

for PET/CT versus 48% for CT alone in the detection of positive pelvic lymph node 

metastasis14,15. The authors of that study concluded that given the high specificity (86.1%) 

and PPV (95.4%) in the detection of distant metastasis, PET/CT should be included in the 

staging evaluation. However, based on our own prospective data, a FNR of 54.2% is too high 

to consider omitting a lymph node assessment during surgical staging. This could lead to 

under treatment of those patients with positive lymph node involvement not detected on 

PET/CT during adjuvant therapy planning. In addition, if extrauterine disease is detected on 

PET/CT, surgical treatment will often still be warranted as complete resection of 

macroscopic disease has been associated with improved survival16. Another multicenter 

prospective study comparing PET/CT and MRI reported sensitivities of 74.2% and 58.8% in 

the detection of lymph node involvement12. Surgical staging remains superior in the 

detection of lymph node involvement and preoperative PET/CT, MRI or CT should not be 

used to justify omission of intraoperative lymph node assessment. In addition, we found a 

false positive rate of 8.9% in the detection of positive lymph nodes using PET/CT 

demonstrating that histologic confirmation should be obtained prior to treatment planning.

In order to eliminate the requirement for surgical staging with lymph node evaluation, a 

preoperative imaging study must be as reliable as surgical nodal evaluation in the detection 

of lymph node metastasis. A retrospective study of 300 patients with endometrial cancer 

investigated the use of six preoperative criteria to predict lymph node metastasis. The criteria 

included: age > 55 years, CA-125 level, non-endometrioid histology, grade 3 tumors, 

metastatic lymph node disease assessed by MRI or CT and deep myometrial invasion 

assessed by pelvic MRI only. The sensitivity and specificity of combined CA-125 with CT 

or MRI in the detection of lymph node metastasis was 86.7% and 71.4% with corresponding 

false positive/false negative rates of 68.7% and 2.7%. The use of all six criteria resulted in a 

sensitivity of 100% but a specificity of only 28.9% and a false positive rate of 84.6% in the 

accurate prediction of lymph node involvement10. In an effort to validate preoperative 

noninvasive nodal staging using novel imaging modalities, there is also an ongoing phase 

II/III multicenter UK-based trial, assessing the detection rates of FDG PET/CT, fluoro-ethyl-
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choline (FEC) PET-CT and diffusion weighted imaging (DWI)-MRI in the detection of 

nodal metastasis in surgically staged cervical and endometrial cancer (MAPPING TRIAL; 

clinicaltrials.gov identifier: ). In comparison, sentinel lymph node biopsy has been reported 

to have a sensitivity of 97.2% and FNR of 3% in the prospective, multicenter FIRES trial. 

Based on the FIRES trial as well as a prospective single center validation study from MD 

Anderson, lymphadenectomy can safely be omitted when bilateral sentinel lymph node 

mapping is successful5,6. This single procedure decreases the surgical burden and obviates 

the need to perform multiple, expensive preoperative tests that do not adequately predict 

lymph node status.

Historically, preoperative tests have been used to determine which patients may not need 

surgical staging due to the concern for increased surgical morbidity from potentially 

unnecessary procedures. In GOG 244, the LEG study, reported a lymphedema rate of 34% in 

733 endometrial cancer patients who underwent a lymph node dissection17. Data from the 

prospective randomized study SENTICOL-II demonstrated a reduction in surgical and 

postoperative morbidity associated with sentinel lymph node biopsy as compared to 

comprehensive lymphadenectomy in cervical cancer patients18. In endometrial cancer, 

however, there is not yet similar high quality evidence establishing the incidence of 

morbidity after sentinel lymph node biopsy. We must extrapolate based on data from other 

disease sites until future studies are published.

At this time PET/CT has no established role in the initial staging of endometrial cancer. 

Surgical determination of lymph node status is the most important prognostic indicator and 

the FNR of PET/CT is too high to serve as a surrogate to lymph node sampling. Several 

studies have investigated the prognostic value of a preoperative PET/CT in endometrial 

cancer and not surprisingly, PET/CT characteristics of the primary tumor correlate to 

surgical findings. Tumor maximum and mean SUV, MTV and total lesion glycolysis were 

significantly related to high histological grade, deep myometrial invasion and the presence 

of lymph node metastases in a prospective study of 129 patients. However, the authors 

reported a sensitivity of only 77–85% in the detection of positive lymph nodes on 

preoperative PET/CT19. Interestingly, MTV has also been shown to correlate with FIGO 

stage in a retrospective study of 76 patients20. In this study, MTV 40% approached statistical 

significance, but MTV SUV3 did not. Future studies should include more thorough 

metabolic imaging parameters to determine the most appropriate SUV threshold to obtain 

MTV.

Strengths of this study are the prospective evaluation of PET/CT in high risk endometrial 

cancer patients as compared to the gold standard of histologically confirmed disease. We 

were able to then accurately calculate sensitivity, specificity, PPV, NPV and FNR of PET/CT 

detection rates. The PET/CT scans were independently reviewed by two expert nuclear 

medicine physicians who were blinded to the surgical outcomes, thereby eliminating bias.

The main limitation of this study is that it was performed at a single, large tertiary care 

center, therefore, the results may not be generalizable to all settings. The ACRIN 6671/GOG 

0233 multicenter trial demonstrated a significant difference in PET/CT detection rates of 

distant metastatic disease between local institutional readers and blinded central readers in 
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both cervical and endometrial cancers. Notably, the sensitivity remained low in both 

groups14. The use of a sentinel lymph node protocol with ultrastaging in this study could 

have contributed to the lower sensitivity of PET/CT to detect nodal metastases as compared 

to ACRIN 6671/GOG 0233 where ultrastaging was not utilized. There were two patients 

who were considered node positive based on the presence of isolated tumor cells only who 

had corresponding negative PET/CT scans. Lastly, PET/CT scans are typically performed at 

many different centers with varying protocols, thus, we would expect the overall predictive 

capability of the PET/CT to remain poor and we would not expect the sensitivity to improve 

in a real world setting.

In conclusion, given the importance of lymph node status in guiding adjuvant therapy and 

prognosis, preoperative PET/CT should be used with caution given the low sensitivity and 

high false negative rate. Based on the inaccuracy of preoperative PET/CT, this test alone 

cannot replace surgical staging. The use of validated sentinel lymph node protocols should 

decrease the requirement for a complete lymphadenectomy and its associated morbidities.
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Figure 1. 
Consort diagram of preoperative PET/CT results

*These patients were included in both categories of PET/CT disease positivity for 

subsequent analysis.
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Table 1.

Demographic Characteristics

N=108

Median Age 62 years (29 – 86)

Median BMI 32.1 kg/m2 (15.8 – 64.3)

Histology

 Endometrioid 40 (37%)

 Papillary Serous 29 (27%)

 Clear Cell 20 (19%)

 MMMT 10 (9%)

 Mixed high grade 7 (6%)

 No residual cancer 2 (2%)

Surgical Approach

 Laparoscopy 47 (44%)

 Robotic 40 (37%)

 Open 18 (17%)

 Combined laparoscopy and robotic 3 (3%)

FIGO Stage

 IA 48 (44%)

 IB 15 (14%)

 II 15 (14%)

 IIIA 3 (3%)

 IIIC1 12 (11%)

 IIIC2 10 (9%)

BMI = Body mass index; MMMT = malignant mixed mullerian tumor; FIGO = International Federation of Gynecology and Obstetrics
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Table 2.

Imaging Characteristics of Primary Tumor

Lymph Node Pathology

Negative Positive p-value

Maximum SUV 18.2 16.4 0.9194

Peak SUV 15.9 12.5 0.3761

MTV SUV3 25.5 31.8 0.2826

MTV 40% 9.6 19.6 0.0526

Median values are shown. SUV = standardized uptake value; MTV = Metabolic tumor volume obtained at a threshold of 40% of maximum and at a 
threshold of SUV=3.
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Table 3.

Detection Rates for Positive Lymph Nodes

Lymph Node Status

Positive Negative Total

PET/CT
Positive 11 7 18

Negative 13 72 85

Total 24 79 103

95% Confidence Interval

Sensitivity 45.8% 26.2% 66.8%

Specificity 91.1% 82.0% 96.1%

PPV 61.1% 36.1% 81.7%

NPV 84.7% 74.9% 91.3%

PET/CT = positron emission tomography-computed tomography; PPV = positive predictive value; NPV = negative predictive value
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Table 4.

Detection Rates for Peritoneal Disease

Peritoneal Disease

Positive Negative Total

PET/CT
Positive 6 2 8

Negative 10 90 100

Total 16 92 108

95% Confidence Interval

Sensitivity 37.5% 16.3% 64.1%

Specificity 97.8% 91.6% 99.6%

PPV 75.0% 35.6% 95.5%

NPV 90.0% 82.0% 94.8%

PET/CT = positron emission tomography-computed tomography; PPV = positive predictive value; NPV = negative predictive value

Cancer. Author manuscript; available in PMC 2020 October 01.


	Abstract
	Precis:
	Introduction
	Methods
	Results
	Discussion
	References
	Figure 1.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

