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• Sentinel lymph detection rates were 89% in high risk patients.
• The sensitivity of SLN was 95% in high-risk endometrial cancer.
• The FNR of SLN with side-specific LAD when an SLN is not detected is 4.3%.
☆ This work was presented as an oral abstract at the S
Annual Meeting in 2015 in Los Angeles, California and a
Cancer Society Annual Meeting in 2016 in Lisbon, Portuga
⁎ Corresponding author at: Department of Gynecolog

Medicine, CPB6.3244, Unit 1362, The University of Texa
1155 Herman Pressler, TX 77030, United States.

E-mail address: psoliman@mdanderson.org (P.T. Solim

http://dx.doi.org/10.1016/j.ygyno.2017.05.016
0090-8258/© 2017 Elsevier Inc. All rights reserved.
a b s t r a c t
a r t i c l e i n f o
Article history:
Received 22 March 2017
Received in revised form 8 May 2017
Accepted 10 May 2017
Available online 18 May 2017
Objective. Sentinel lymph node (SLN)mapping continues to evolve in the surgical staging of endometrial can-
cer (EC). The purpose of this trial was to identify the sensitivity, false negative rate (FNR) and FN predictive value
(FNPV) of SLN compared to complete pelvic and para-aortic lymphadenectomy (LAD) in women with high-risk
EC.

Methods. Women with high-risk EC (grade 3, serous, clear cell, carcinosarcoma) were enrolled in this pro-
spective surgical trial. All patients underwent preoperative PET/CT and intraoperative SLN biopsy followed by
LAD. Patientswith peritoneal disease on imaging or at the timeof surgerywere excluded. Patientswere evaluable
if SLN was attempted and complete LAD was performed.

Results. 123 patients were enrolled between 4/13 and 5/16; 101were evaluable. At least 1 SLNwas identified
in 89% (90); bilateral detection 58%, unilateral pelvic 40%, para-aortic only 2%. Indocyanine green was used in
61%, blue dye in 28%, and blue dye and technetium in 11%. Twenty-three pts. (23%) had ≥1 positive node. In
20/23, ≥1 SLN was identified and in 19/20 the SLN was positive. Only 1 patient had bilateral negative SLN and
positive non-SLNs on final pathology. Overall, sensitivity of SLN was 95% (19/20), FNR was 5% (1/20) and FNPV
was 1.4% (1/71). If side-specific LAD was performed when a SLN was not detected, the FNR decreased to 4.3%
(1/23).

Conclusion. This prospective trial demonstrated that SLN biopsy plus side-specific LAD, when SLN is not de-
tected, is a reasonable alternative to a complete LAD in high-risk endometrial cancer.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Endometrial cancer is the most common gynecologic cancer in the
United States with 60,050 new cases estimated for 2016 [1]. There con-
tinues to be significant controversy on the surgical management of
these patients. Two randomized studies evaluating the role of lymphad-
enectomy in endometrial cancer showed no benefit in disease-free or
overall survival [2,3]. Despite these findings, many agree that the iden-
tification of metastatic disease in the lymph nodes is critical in the diag-
nosis and treatment of women with endometrial cancer and lymph
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node metastases are an important prognostic factor in overall survival
[4] [5]. The use of sentinel lymphnode (SLN)mapping plus ultra-staging
could potentially maximize the identification of positive nodes, while
minimizing the known risks of lymphadenectomy including longer sur-
gical times, intraoperative injury, blood loss, and lymph edema [6,7].

There is a growing body of evidence supporting the role of SLNmap-
ping in endometrial cancer. Published studies have described SLNdetec-
tion rates as high as 85% to 100% with bilateral detection rates of 60% to
97% [8–13]. Memorial Sloan Kettering developed a SLN algorithm that
includes performing a side-specific pelvic lymphadenectomy when a
SLN is not detected [14]. Retrospective implementation of this algo-
rithm resulted in a significant decrease in their false negative rate
from 15% to 2% in women with low-risk endometrial cancer. Based on
this and other studies, SLN mapping has been recognized as an option
for nodal assessment in the 2014 National Comprehensive Cancer Net-
work (NCCN) guidelines for endometrial cancer [15].

The majority of studies, however, include patients at low-risk for
lymph node involvement and may underestimate the false negative
rate. In order to consider SLN biopsy alone in womenwith high-risk en-
dometrial cancer, a prospective validation study requiring comprehen-
sive surgical staging was needed.

The primary objective was to estimate the false negative rate (FNR)
of SLNmapping in the detection of positive lymphnodes inwomenwith
high-risk endometrial cancer. We hypothesized that SLN mapping
would accurately identify women with positive lymph nodes with an
acceptable false negative rate.

2. Methods

After institutional board review approval, patients were prospec-
tively enrolled in this single arm study at MD Anderson Cancer
(NCT01737619). All patients who presented with newly diagnosed en-
dometrial cancer were consecutively screened for eligibility. Patients
were eligible if they had high-risk endometrial cancer including serous,
clear cell, FIGO grade 3 endometrioid, or carcinosarcoma histology
based on preoperative sampling. Patients with biopsy-proven cervical
involvement or FIGO grade 1/2 endometrioid tumors with suspected
deep myometrial invasion on imaging were also eligible. Patients had
to be a candidate for full surgical staging. Once written informed con-
sent was confirmed, patients underwent preoperative PET/CT. Patients
with suspected peritoneal disease were excluded from the study.

All patients were offered minimally invasive surgery unless they
were not felt to be a candidate. The decision to perform surgery roboti-
cally versus traditional laparoscopywas based on surgeon preference, as
both are considered standard of care. The type of dye used and the
timing of the injection for themapping procedurewas based on the sur-
gical approach (Table 1).

At the time of surgery, all patients underwent intraoperative SLN
mapping with a cervical injection of dye in equally divided aliquots
both superficial (submucosal) and deep (1 cm into the stroma), at 3
and 9 o'clock. Sentinel nodes were removed, labeled (blue, green or
hot including gamma count) and sent to pathology for permanent sec-
tion. Full surgical staging was performed with the goal of removing
Table 1
Sentinel lymph node dye used based on surgical approach.

Surgical approach Dye Concentration

Robotica Indocyanine green 1.25 mg/mL
Laparoscopyb Blue dye (Lymphazurin) 1%

Technitium-99 0.5–1.0 mCi
Indocyanine green 1.25 mg/mL

Laparotomy Blue dye (Lymphazurin) 1%
Technitium-99 1.1 mCI

a Firefly technology (da Vinci Surgical Systems, Sunnyvale, CA).
b Use of ICG became available in November 2015 using Pinpoint technology (Novadaq Tech
para-aortic nodes to the level of the renal vessels. If peritoneal disease
was identified intra-operatively, patients were no longer eligible.

The primary outcome was to estimate the false negative rate (FNR)
of SLN mapping in the detection of positive lymph nodes in women
with high-risk endometrial cancer. We also estimated the sensitivity,
negative predictive value (NPV) and false negative predictive value
(FNPV)when compared tofinal pathology. A sample size of 100patients
was identified based on an estimated 25% node positivity rate. Patients
were evaluable if SLN mapping was attempted (i.e. dye was injected)
and a full lymphadenectomy was performed. We employed a Bayesian
monitoring rule using the method of Thall et al. to guard against a FNR
of N10% (90% CI 1.4% to 13.8%) [16]. We assumedwewould have 25 pa-
tientswithpositive nodes among the100 evaluable patients, andwe ap-
plied our monitoring rule after every cohort of 5 evaluable patients. We
assumed a uniform prior distribution for the FNR. If, given the outcomes
from the evaluable patients, therewasmore than a 95% chance of a FNR
N10% we would have stopped the study.

All pathologic specimens were reviewed by a gynecologic patholo-
gist. The SLNs were processed and classified according to amodification
of the AJCC staging for axillary nodes from breast cancer. If the SLNwas
b5mm, it was bi-valved. If ≥5mm it was serially sectioned every 2mm.
An H&E was performed on each section. If negative, an additional wide
H&E stained slide plus 2 unstained slideswere obtained 250 μm into the
tissue block. A pan-cytokeratin stain was performed when the deeper
H&E level was negative. SLNs were classified as 1) metastases present
– tumor N2.0mm; 2)micrometastases – tumor cell aggregates between
0.2 and 2.0 mm; 3) isolated tumor cells – individual tumor cells or ag-
gregates that are b0.2 mm, or 4) negative. If the pan-cytokeratin stain
was positive but no tumor cells were identified, this was considered
negative for metastatic disease. Non-sentinel lymph nodes were report-
ed as positive or negative for metastases based upon routine sectioning
and examination of a single H&E stained slide per standard protocol.

All lymph nodes with macroscopic, microscopic and isolated tumor
cells were considered to be positive on final pathology. In defining a
false negative we looked at both the patient (primary objective), as
well as the technique by hemi-pelvis. A patient was considered a false
negative if they had bilateral SLN biopsies that were negative and a
non- sentinel lymph node that was positive. When we assessed the
technique by hemi-pelvis, a hemi-pelviswas considered a false negative
if there was a SLN biopsy that was negative and a non-sentinel lymph
node on the same side of the pelvis that was positive.

We used descriptive statistics to summarize the demographic and
clinical characteristics of patients. We estimated sensitivity, NPV, FNR,
and FNPV with 95% exact binomial confidence intervals. All statistical
analyses were performed using SAS 9.3 for Windows (Copyright©
2002–2010 by SAS Institute Inc., Cary, NC) and StatXact-7© for Win-
dows (Copyright© 2005, 1989–2005, Cytel Software Corporation, Cam-
bridge, Massachusetts). Study data were collected and managed using
REDCap (Research Electronic Data Capture) electronic data capture
tools hosted atMDAnderson [17]. REDCap is a secure, web-based appli-
cation designed to support data capture for research studies, providing:
1) an intuitive interface for validated data entry; 2) audit trails for track-
ing data manipulation and export procedures; 3) automated export
Total volume Time of injection

4 cm3 After the abdomen is entered
4 cm3 After the abdomen is entered
2 cm3 After the patient is asleep, prior to entering the abdomen
4 cm3 After the abdomen is entered
4 cm3 After the abdomen is entered
2 cm3 After the patient is asleep, prior to entering the abdomen

nologies', Inc., Mississauga, Ontario).



Table 2
Demographic Characteristics.

N = 101

Median Age 62 years (29–86)
Median BMI 30.8 kg/m2 (15.8–64.3)
Histology

Endometrioid 44 (44%)
Serous 30 (30%)
Clear cell 16 (16%)
MMMT 10 (10%)
Other 1

Surgical approach
Laparoscopy 44 (44%)
Robotic 37 (37%)
Laparotomy 17 (17%)
Combined laparoscopy and robotic 3 (3%)

FIGO Stage
IA 46 (46%)
IB 15 (15%)
II 12 (12%)
IIIA 4 (4%)
IIIC1 10 (10%)
IIIC2 10 (10%)
IV 4 (4%)
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procedures for seamless data downloads to common statistical pack-
ages; and 4) procedures for importing data from external sources.

3. Results

Between April 2013 and May 2016, a total of 123 patients were en-
rolled (Fig. 1). Twenty-two patients were excluded for the following
reasons: non-surgical management of their disease [8], SLN mapping
not performed [12] or lymphadenectomy not performed [3]. The re-
maining 101 were considered evaluable for the final analysis.

The demographic characteristics of the evaluable patients are shown
in Table 2. Median age was 62 years (range 29–86). Median body mass
index (BMI) was 30.8 kg/m2 (range 15.8–64.3). Endometrioid (44%)
and serous (30%) were the most common histologies. A majority of
cases (84%) were done minimally invasive. On final pathology, 73%
had early-stage and 27% had advanced disease.

The overall SLN detection rates are shown in Table 3. ICG was the
most commonly used dye (n = 62, 61%). The overall SLN detection
rate was 89%; 58% bilateral pelvic, 40% unilateral pelvic, and 2 (2%)
para-aortic. While bilateral detection rate appeared to be highest with
blue dye + technetium, the study was not powered to detect a differ-
ence in rates between techniques (p = 0·35). There were no reported
adverse events directly related to the SLN mapping.

Themedian number of pelvic nodes per patientwas 17 (range 4–36)
and the median number of para-aortic nodes was 6 (range 0–28). The
upper border of the para-aortic dissection was the renal vessels in 47
patients (46.5%), above the inferior mesenteric artery (IMA) but the
renal vein not visualized in 29 (28.7%), to the IMA in 18 (17.8%), and
below the IMA in 2 (2%). Para-aortic lymphadenectomy was not per-
formed in 5 due to difficult visualization.

Among the 90patients (89%) inwhom ≥1 SLNwas detected, theme-
dian numberwas 2 (range 1–9) per patient. Twohundred twenty-seven
Fig. 1. Consort diagram o
nodes were labeled SLN. Twelve (5.2%) were in the para-aortic region.
Two hundred fourteen (94.2%) were pelvic; 50.2% external iliac, 39.8%
obturator, 4.8% common iliac, and one parametrial sentinel node.
There were a total of 31 positive SLN among 19 patients; 21were exter-
nal iliac and 10 were obturator nodes. The sentinel nodes were catego-
rized by size including 3/28 (11%) isolated tumor cells, 9/28 (32%)
micrometastasis, 16/28 (57%) macrometastasis, with 3 unknown.

There were 23 node positive patients based on final pathology.
Among these, 3/23 (13%) did not have a SLN detected at the time of
f patient enrollment.



Table 3
Sentinel lymph node detection rates based on dye technique used.

Technique Any SLN Bilateral Unilateral Para-aortic only None

Indocyanine green (n = 62) 57 (92%) 32 (52%) 23 (37%) 2 (3%) 5 (8%)
Blue dye only
(n = 28)

23 (82%) 11 (39%) 12 (43%) 0 5 (18%)

Blue dye + technetium-99
(n = 11)

10 (91%) 9 (82%) 1 (9%) 0 1 (9%)

Total
(n = 101)

90 (89%) 52 (58%) 36 (40%) 2 (2%) 11 (11%)

P = 0.35.
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surgery. Among the 20 who had ≥1 SLN identified, 19/20 (95%) had at
least 1 positive SLN. In 8/20 (40%), the SLN was the only positive node.
Fifty-two percent (12/23) had ≥1 positive non-sentinel pelvic lymph
node (median 1; range 0–9). Forty-eight percent (11/23) had positive
para-aortic nodes. One patient had bilateral negative SLNs and a positive
non-SLN, therefore, considered a true false negative. One patient had
isolated positive para-aortic nodes but did not have any sentinel
nodes detected.

The 2 × 2 tables evaluating the efficacy of SLN biopsy alone are
shown in Table 4. When evaluating the technique by hemi-pelvis,
there were 126 pelvic basins for which ≥1 SLNwas detected. The sensi-
tivity to detect a positive node in the hemi-pelvis was 92.9%, FNR 7.1%,
NPV 98% and FNPV 2%. When evaluating the efficacy of SLN biopsy per
patient (Table 4B): the sensitivity was 95%, FNR 5%, NPV 98.6% and
FNPV 1.4%. When including side-specific lymphadenectomy when a
SLN was not identified, the FNR was 4.3% (1/23).

4. Discussion

In this prospective validation study of SLN mapping in women with
high-risk endometrial cancer, SLN biopsy alone accurately identified
95% of patients with positive lymph nodes. When combined with
side-specific lymph node dissection, the FNR was 4.3%. The FNPV, i.e.
the likelihood of a missed positive node if the SLN was negative, was
1.4%. These findings support SLNmapping in high-risk endometrial can-
cer and validate the algorithm of side-specific lymphadenectomy if a
SLN is not identified.

The original studies evaluating SLN for endometrial cancer included
both fundal and hysteroscopic injection of dye into the tumor [18,19].
Table 4
Sentinel lymph node detection rates by hemi-pelvis (A) and patient (B).

Table 4A Detection Rates by Hemi-Pelvis

Lymph Nodes

Negative Positive Total

SLN Positive 0 26 26
Negative 98 2 100
Total 98 28 126

95% Confidence Interval
Sensitivity 92.9% 76.5% 99.1%
NPV 98.0% 93.0% 99.8%
FNR 7.1% 0.9% 23.5%
FNPV 2% 0.2% 7.0%

Table 4B. Detection rates by patient

Lymph Nodes

Negative Positive Total

SLN Positive 0 19 19
Negative 70 1 71
Total 70 20 90

95% Confidence Interval
Sensitivity 95.0% 75.1% 99.9%
NPV 98.6% 92.4% 99.97%
FNR 5% 0.1% 24.9%
FNPV 1.4% 0.03% 7.6%
Fundal injection has been associated with detection rates around 45%
[20]. More promising data has come from hysteroscopic peri-tumoral
injection, however, the ease and feasibility of this technique has limited
its adoption by many centers, including our own [19]. Based on these
factors, we chose to use a cervical injection of dye; both superficial
and deep at 3 and 9 o'clock as previously reported by early adopters of
SLN in endometrial cancer [21]. At the initiation of this study in early
2013, there were little data comparing detection rates based on dye
type, therefore the dye used was based on the surgical approach and
available resources. For example, a laparoscopic gamma probe was not
available at one of our satellite hospitals (LBJ) and equipment needed
for SLN mapping with ICG during laparoscopy was not available at our
institution until November, 2015.

Our overall SLN detection rate was 89%, with a bilateral detection
rate of 58%. This was consistent with a recent meta-analysis by Smith
et al. which reported an overall detection rate of 81% and a bilateral de-
tection rate of 50% when compiling data from 55 published studies on
endometrial cancer SLN mapping [22]. While our study was not
powered to detect a difference in detection rates bymapping technique,
several studies have suggested that the use of ICG is associated with
higher overall and bilateral detection rates compared to blue dye [9].
Recent studies have reported overall detection rates of 95–97%, with bi-
lateral detection rates of 79–88% [9–11]. This studywas initiated during
the early learning curve of sentinel lymph nodemapping for our institu-
tion and this likely had an impact on our mapping success. Although
there are no published data looking specifically at the learning curve
for SLN in endometrial cancer, we anticipate that with advancements
in technology and further experience, the bilateral detection rates for
all surgeons will improve.

In our study, SLN biopsy alone identified 95% of node positive
women, resulting in a FNR of 5%. These are higher than the SENTI-
ENDO study which reported a sensitivity of 84% in women with any
grade endometrial cancer [13]. A pooled analysis done by Smith et al. re-
ported a sensitivity of 96% and a NPV of 99.7% [22]. Barlin et al. first de-
scribed the implementation of a SLN algorithm that resulted in a
significant decrease in their false negative rate [14]. If one includes a
side-specific lymphadenectomy when a SLN was not detected, our
FNR decreased from 5 to 4.3%. While implementation of the algorithm
improves overall accuracy of SLN mapping, it also allows the surgeon
to go through the natural learning curve without compromising the
care of the patient. For example, if a surgeon's SLN detection rate is
low, performance of the side-specific lymphadenectomy would ensure
they did not miss a positive node on a side that did not map. As surgeon
experience improves, the need for performing a lymphadenectomy
would decrease as bilateral detection rates increased.

In vulvar cancer, after several single institution studies demonstrat-
ed feasibility of SLN biopsy [23,24], two prospective studies were per-
formed to identify the FNR of SLN mapping in this patient population.
The GROINS V study, a multi-institutional observational study, de-
scribed a FNR of 5.9% and FNPV of 2.9% [25]. In GOG173,whichmirrored
our current study in endometrial cancer, patients were enrolled pro-
spectively and underwent SLN biopsy followed by inguinal lymphade-
nectomy. This allowed for a comprehensive evaluation of the accuracy
of SLN biopsy and determination of the true FNR. Levenback et al.
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reported a sensitivity of 91.7% and FNPV of 2.0% in patients with tumors
b4 cm [26]. Based on these data, SLN biopsy is now considered standard
of care for select women with vulvar cancer.

The main strength of our study is the prospective evaluation of SLN
mapping in women with high-risk endometrial cancer. Our study is
the first prospective study to focus on high-risk patients with a higher
overall risk of lymph node metastasis. All patients were required to
have a comprehensive surgical staging which allowed us to accurately
define the sensitivity, NPV and FNR. In addition, we chose a technique
that was generalizable across practice types and is reproducible. Finally,
the pathologic findings in our study mirrored the predicted outcomes
for women with high-risk endometrial cancer. Our overall rate of posi-
tive lymph nodes was 23%, consistent with the predicted risk of 25%.
Among patients with positive nodes, the SLN was the only positive
node in 40% as described by other authors [11]. Approximately 50% of
patients that had positive pelvic nodes also had positive para-aortic
nodes [27]. There was one patient (1%) with metastatic disease to an
isolated para-aortic node.

The main limitation of the study is that it was performed at a single,
large tertiary referral center. While 14 different surgeons participating
in the study supports generalizability, the patient population and the re-
sources at a cancer centermay be different than a community setting. In
addition, there were differences in the type of dye used based on the
surgical approach. While some would argue that using the exact same
technique is the only way to validate SLNmapping, the resources avail-
able at different centers also affects the type of dye available. In addition,
there may be continued concern that a cervical injection which maps
the lower half of the uterus, may not accurately map a fundal tumor
or identify patients with an isolated para-aortic node. Our data com-
bined with other published studies, however, show that cervical injec-
tion is not only accurate but reproducible across multiple practice
settings. As more data become available and the technology improves,
the technique to identify SLN in endometrial cancer should evolve. For
example, Martinelli et al., recently described a technique of peri-tumor-
al injection of ICG which resulted in an overall SLN detection rate of
89.5%. Interestingly, 47% mapped to the para-aortic nodes and 74.5%
mapped to bilateral pelvic nodes [28].

At the completion of our study, we implemented a systematic
change in how we stage patients with high-risk endometrial cancer.
While comprehensive surgical staging was our previous standard, we
havemoved to SLN biopsy, hysterectomy, and bilateral salpingo-oopho-
rectomy. In patients that do not map bilaterally, side-specific pelvic
lymphadenectomy and para-aortic lymphadenectomy are performed.
While our study addresses the accuracy of SLN biopsy in identifying pa-
tients with positive nodes, it does not address the use of adjuvant ther-
apy in patients found to have a positive pelvic SLN. In a careful review of
the node positive patients, 48% (11/23) also had positive para-aortic
nodes. We found that uterine factors such as deep myometrial invasion
could help identify which node-positive patients may benefit from ex-
tended field radiation therapy. We will continue to follow patients for
compliance with this treatment strategy, as well as outcomes and over-
all survival for these patients.

In this prospective study on SLN mapping in women with high-risk
endometrial cancer with comprehensive surgical staging, we confirmed
a SLN detection rate of close to 90%. SLN biopsy was able to accurately
identify 95% of womenwith positive lymph nodes.With the implemen-
tation of a SLN algorithm, the FNR was 4.3% and FNPV was 1.4%. These
findings support SLN mapping in high-risk women and validate the al-
gorithm of side-specific lymphadenectomy if a SLN is not identified.
Long-term studieswill be needed to determine the impact of SLN biopsy
alone on survival of women with high-risk endometrial cancer.
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