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The emphasis in contemporary medical oncology has been “precision” or “personalized” medicine, terms that
imply a strategy to improve efficacy through targeted therapies. Similar attempts at precision are occurring in
surgical oncology. Sentinel lymph node (SLN) mapping has recently been introduced into the surgical staging
of endometrial cancer with the goal to reduce morbidity associated with comprehensive lymphadenectomy,
yet obtain prognostic information from lymph node status. The Society of Gynecologic Oncology's (SGO) Clinical
Practice Committee and SLN Working Group reviewed the current literature for preparation of this document.
Literature-based recommendations for the inclusion of SLN assessment in the treatment of patients with endo-
metrial cancer are presented. This article examines:
• History and various techniques of SLN mapping in endometrial cancer
• Pathology and clinical outcomes from SLN assessment
• Controversies and future directions for research in SLN assessment in endometrial cancer.
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1. Introduction

Endometrial cancer is the most common gynecologic cancer in
North America, and worldwide there are approximately 320,000 cases
diagnosed annually. Following the Federation of International Gynecol-
ogy and Obstetrics (FIGO) adoption of surgical staging in 1988, patholo-
gy that includes information about the primary tumor as well as lymph
node status has guided prognosis and use of adjuvant therapies. Surgical
staging is associated with risks of lymphedema, lymphocysts, cellulitis,
and damage to nearby nerves. Sentinel lymph node (SLN) assessment
has been proposed as a more “targeted” alternative to complete pelvic
lymphadenectomy in an effort to secure information about lymph
node status for treatment planning, yet minimize collateral damage.
The purpose of this article is to review the current literature regarding
SLN assessment in endometrial cancer and to improve outcomes for
women with this disease.

2. History of endometrial cancer surgical staging

The value of staging patients with cancer lies in the ability to assess
prognosis, plan therapy, and facilitate communication between health
care providers. Surgical staging also serves as a research tool to assess
treatments among patient groups and for stratification in clinical trials.
Prior to 1950, staging endometrial cancer was quite variable between
institutions and expert gynecologists. Following the success of stan-
dardized staging for cervical cancer in the 1950s, FIGO assumed respon-
sibility of the Annual Report from theHealth Organization of the League
of Nations. The first FIGO staging system for endometrial cancer was
predicated on two criteria alone. Stage I patients had tumor clinically
confined to the uterus, and stage 2 patients had disease that had spread
beyond the uterus [1]. FIGO staging of uterine carcinoma has since un-
dergone multiple strategic revisions, most notably in 1962 with expan-
sion to a four-stage system, and in 1988 with a change from clinical to
surgical staging [1]. Over the past 60 years, FIGO staging progressively
evolved to reflect the significant scientific breakthroughs in under-
standing the histopathology and associated risks of recurrence associat-
ed with various risk factors in endometrial cancer. The staging system
now includes tumor grade, depth of myometrial invasion, local and re-
gional spread, lymph node metastasis, and distant metastasis.

The addition of lymph node status to FIGO staging followed the pub-
lication of the results of Gynecologic Oncology Group (GOG) study 33
[2] and ultimately contributed to the controversy regarding the clinical
significance of lymph node metastasis today. The addition of routine
lymphadenectomy led to a significantly increased number of clinical
stage I uterine cancers that were upstaged to stage III. However, the
risk of lymph node metastasis in early-stage, low-grade tumors is rela-
tively low, and the potential morbidity from routine lymphadenectomy
may outweigh population-based clinical benefits. While GOG 33 dem-
onstrated an overall risk of metastasis in pelvic and aortic lymph
nodes of 9% and 6%, respectively, well-differentiated tumors had a risk
of 3% and 2%, and tumor confined to the endometrium conferred an
even lower risk of metastasis at 1% [2].

Multiple studies have attempted to evaluate the impact of routine
lymphadenectomy on survival. Some studies support lymphadenecto-
my for all patients [3], others in higher grade disease only [4], and others
report that the determining factor may be the number of nodes re-
moved [5]. All of these trials were retrospective in nature and led to
two large randomized European trials. Benedetti Panici et al. [6] identi-
fied approximately 10% more cases of nodal metastasis with the inclu-
sion of lymphadenectomy. However, despite the increased detection
ofmetastasis, therewas no survival advantage and a significantly higher
rate of lymphedema was documented in staged patients [6]. These ob-
servations were consistent with the results of the ASTEC trial, which
also showed no survival benefits and an increase in lymphedema [7].
These trials were criticized for lacking a standardized lymphadenecto-
my protocol, as well as for inconsistencies in adjuvant therapy. None-
theless, these phase 3 trials legitimately called into question the role
of routine lymphadenectomy in endometrial cancer.

Mariani et al. [8] defined a “low-risk” population in whom staging
lymphadenectomy may be safely omitted. Based on the histologic
criteria from GOG 33 as well as their own historical cohort of patients
treated for endometrial cancer, low riskwas defined as grade 1 or 2 dis-
ease, b50% myometrial invasion, and tumor diameter b2 cm. These
criteria were then used in a prospective observational study that dem-
onstrated patients with low-risk disease (approximately 30% of all the
endometrial cancers treated at theMayo Clinic) had a b1% risk of having
a positive lymph node or nodal recurrence, compared to a 16% risk of
lymph node involvement for endometrioid adenocarcinoma that did
not meet these criteria [8]. The Mayo Clinic low-risk group represents
a clinically significant number ofwomenwhomay be able to avoid stag-
ing lymphadenectomy. However, the diagnosis depends on intraopera-
tive frozen section, a practice that has variable levels of reported
accuracy [9,10] and may potentially lead to understaging some high-
risk cases. In contrast, patients with high-grade histologies
(endometrioid grade 3, clear cell, serous, and carcinosarcoma) have a
20–40% risk of lymph node involvement [8,11].
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3. History of SLN mapping

Although the orderly progression of lymphatic metastases has been
hypothesized for several hundred years, the first report of SLNmapping
success was in 1977, using lymphangiography of the penis [12]. The re-
producibility of SLNmappingwith radiocolloid for patientswith cutane-
ous melanomas quickly followed, but was not more widely accepted
until blue dyes emerged as a way to augment radiotracers in the late
1980s [13]. Since then, SLN mapping techniques have been developed
for several other solidmalignancies, including breast, vulva, and cervical
cancers. Although the concepts are similar, the path to standardization
has been variable due to differences in cancer incidence, rates of lym-
phatic metastasis, and the prognostic or treatment impact of lymph
node status for each disease site. An understanding of historical issues
can help guide the development of SLN mapping procedures in endo-
metrial cancer.

Cutaneousmelanomaswere the first neoplasms for which SLNmap-
ping reached widespread acceptance. Radiocolloid and blue dye SLN
mapping techniqueswere refined at single institutions and subsequent-
ly published in the early 1990s [13,14]. These studies included large
numbers of patients undergoing SLN mapping followed by completion
lymphadenectomy so that false-negative rates could be immediately
established. Much like endometrial cancer [7], completion lymphade-
nectomy has not been shown to improve survival in patients with clin-
ically node-negative cutaneous melanomas [15]. Because of this,
subsequent randomized trials have focused on whether completion
lymphadenectomy is beneficial for patients with SLN metastases. Al-
though plagued by low accrual, two randomized trials failed to demon-
strate a benefit with completion lymphadenectomy in patients with
cutaneous melanomas [16,17]. As such, SLN mapping has emerged as
the sole mechanism of lymphatic assessment in this setting.

Similar to melanoma, initial reports of SLN mapping for breast can-
cer using lymphoscintigraphy were published from single institutions
in the early 1980s. Refinements of the technique have been aided by
the large number of patients with breast cancer and high accrual in clin-
ical trials. Although randomized trials demonstrated the absence of a
survival advantagewith axillary lymphadenectomy for at least somepa-
tients with clinical stage I breast cancer as early as 2002 [18], skepticism
in the breast surgery community necessitated further trials to confirm
the safety of replacing full dissections with SLN mapping. As such, the
NSABP B-32 trial randomized patients undergoing SLNmapping to com-
pletion axillary lymphadenectomy versus no further assessment and
determined both have an acceptable false-negative rate (9.8%) and no
difference in survival between groups [19]. Further randomized trials
have confirmed that completion lymphadenectomy does not improve
survival in patients with SLN metastasis treated with partial mastecto-
my and tumor-directed radiation [20] and that the identification of
micrometastaseswith immunohistochemistry does not improve surviv-
al [21]. As will be discussed later, these issues remain largely unsettled
in endometrial cancer.

In gynecologic oncology, SLN mapping first reached acceptance for
the management of vulvar cancer. Unlike breast cancer and melanoma,
lymphadenectomy appears to improve survival in patientswith clinical-
ly node-negative vulvar cancer [22]. Randomized trials such as GOG 173
focused on defining the ability of SLNmapping to identify nodal metas-
tases [23]. Given the rarity of vulvar cancer and low rate of lymphatic
metastasis, the development of a randomized trial powered to survival
has been infeasible. The prospective GROINSS-V1 trial was designed
with a historical control for comparison purpose [24]. This trial demon-
strated an acceptable recurrence risk and has effectively established SLN
mapping as a standard of care for the management of clinically node-
negative T1–T2 (≤4 cm) vulvar cancer.

These results demonstrate the varied approaches that have been
taken to establish SLN mapping as an acceptable lymphatic assessment
strategy in othermalignancies. The various SLN approaches tend tomir-
ror the unique challenges of each disease site. Similarly, the relatively
low rate of lymphatic metastasis and questionable survival advantage
of lymphadenectomy continue to appropriately influence the evolving
role of SLN mapping in endometrial cancer.

4. SLN techniques for gynecologic cancers

4.1. Colorimetric methods

Colorimetric lymphatic mapping refers to the visual detection of
lymph channels and nodes using colored dyes in white light. This tech-
nique requires the least complex equipment and is applicable to open,
laparoscopic, and robotic approaches.

Isosulfan blue is FDA approved for lymphatic mapping. Typically, 3–
5 cm3 of a 1% solution are injected into the cervix, after which there is
immediate uptake of the dye into lymphatic channels and accumulation
in the SLNs within 10–20 min. Delay from injection to mapping can
cause lowdetection rates due to transit of dye through the node [25]. In-
jection should be superficial to minimize uptake of dye into deeper tis-
sues. Disadvantages of isosulfan blue include its expense, limited
availability, and the risk (1.1%) of allergic reaction (anaphylaxis) [26].
Premedication can be considered to minimize risks of anaphylaxis,
and patients should be monitored for 60min after administration. Ana-
phylaxis is more likely to occur in patients with a history of bronchial
asthma, multiple allergies, or allergies to triphenylmethane dyes.
Isosulfan blue, likemethylene blue, can interferewith themeasurement
of oxygen saturation in peripheral blood, leading to falsely low oxygen
saturation readings.

Methylene blue is a less expensive alternative to isosulfan blue. This
is an off-label use of the dye, however, though there is evidence that
suggests equivalency for SLN mapping in other cancers [27]. Two to
4 cm3 of a 1% solution should be injected. It carries risks of paradoxical
methemoglobinemia and serotonin syndrome in patients taking seroto-
nergic psychiatric medications.

4.2. Radionuclear method

The injection of radiolabeled colloid technetium 99 (Tc99) and de-
tection with nuclear imaging and/or intraoperative gamma counters is
one of the original techniques of SLN mapping utilized in breast, mela-
noma, and vulvar cancermanagement [23,28,29]. It is often used in syn-
ergy with a blue dye (or indocyanine green [ICG]) to optimize detection
rates [30]. The virtue of radiolabeled isotopes is signal penetration
through deep tissue, which can be advantageous in patients with endo-
metrial cancer where nodal basins can be fatty and lymphatic drainage
can be unpredictable.

A total of 1 mL of 1 mCi of Tc99 is injected. Both open and laparo-
scopic gamma probes are available. Preoperative lymphoscintigraphy
or three-dimensional single photon emission computed tomography
with integrated CT (SPECT/CT) can be used to identify the number and
location of SLNs [31] but requires a separate injection procedure in nu-
clear medicine, adding cost and inconvenience. A gamma-detecting
probe identifies areas of “hot” tracer signal intraoperatively. After dis-
criminating the general area of increased uptake, the surgeon employs
dissection to visually identify blue (or green) dyes in the area of in-
creased gamma signal. The gamma-detecting probe is then used to
quantify the signal strength of the resected SLNs.

4.3. Near-infrared method

ICG is a water soluble tricarbocyanine dye that emits a fluorescent
signal in the near-infrared (NIR) light range, and it is FDA cleared for
vascular and hepatobiliary imaging. Lymphatic mapping is an off-label
use of the drug. Optimal detection of SLNs occurswhen the drug is dilut-
ed by the surgeon to a 0.5 mg/mL to 1.25 mg/mL concentration using
sterilewater and 2–4mL are used [32,33]. NIR imagers are filtered to re-
ceive the 830 nMwavelength emitted by ICG and visualize the ICG dye.



Table 1
Comparison between colorimetric, radioactive and fluorescent tracers.

Site of injection Tracer Study n Surgical
approach

SLN detection rate overall
(bilateral)

PA SLN detection
rate

Mean SLN
per patient

Cervix Blue Mais et al. 2010 [48] 34 L, l 62% (NR) NR NR
Vidal et al. 2013 [56] 66 L, l 62% (35%) 0% 1.8
Tanner et al. 2015 [36] 57 R NR (46%) NR NR
Holloway et al., 2017 [37] 200 R 76% (40%) 2.5% 2.8

Total blue 357 71% (40%) 1.9% 2.6
(686/266)

Technetium99 Niikura et al. 2013 [49] 45 L 96% (80%) 0% 3.1
Sawicki et al. 2015 [52] 82 L 92% (67%) 5% 3.1

Total Technetium99 127 93% (71%) 3.2% 3.1
Blue & Technetium99 Ballester et al. 2011 [30] 125 L, l 89% (62%) 4% 3

Barlin et al. 2012 [38] 498 L, l, R 81% (51%) 3% 3
How et al. 2012 [44] 100 R 92% (66%) 15% 2
Bats et al. 2013 [39] 43 L, l 70% (37%) 0% 2.9
Lopez-de la Manzanara Cano et al.
2014 [47]

50 L, l 92% (34%) 7% 1.5

Desai et al. 2014 [41] 120 R 86% (52%) 0% 2.6
Touhami et al. 2015 [55] 268 L, l, R 94% (74%) NR 2

Total blue &
Technetium99

1204 86% (57%) 4.1% 2.6

ICG Jewell et al. 2014 [32] 227 R 95% (79%) 10% 3
Plante et al. 2015 [50] 50 l, R 96% (88%) 3% 3
Tanner et al. 2015 [36] 54 R NR (77%) NR NR
Rossi et al. 2017 [64] 340 R NR (52%) 23% 2

Total ICG 671 95% (66%) 12.7% 2.4
ICG & Technetium99 Mucke et al. 2014 [58] 31 L, l 90% (52%) 23% 1.3
Blue & ICG &
Technetium99

How et al. 2015 [43] 100 R 92% (76%) 8% 2.9

Blue & ICG Holloway et al. 2017 [37] 180 R 96% (84%) 2.8% 2.9
Total combinations
with ICG

311 94% (78%) 6.4% 2.7
(852/311)

Total cervix 2670 87% (60%) 5.8% 2.8
Hysteroscopic Technetium99 Solima et al. 2012 [53] 59 L, l 95% (NR) 56% 2.6

Niikura et al. 2013 [49] 55 L 78% (49%) 56% 2.8
Favero et al. 2015 [42] 42 l 73% (NR) 40% 1.7

Blue & Technetium99 Delaloye et al. 2007 [40] 60 L, l 82% (37%) 27% 3.7
Total hysteroscopic 216 82% (42%) 45% 2.8
Myometrial Blue Lopes et al. 2007 [46] 40 L 78% (NR) 35% 1.6

Li et al. 2007 [57] 20 L 74% (45%) 3% 3.9
Niikura et al. 2013 [49] 51 L 63% (49%) NR 1.7
Sawicki et al. 2015 [52] 82 L 74% (44%) 10% 3

Technetium99 Torné et al. 2013 [54] 74 l 74% (19%) 34% 2.8
Blue & Technetium99 Robova et al. 2009 [51] 67 L 73% (NR) NR NR

Total myometrial 334 73% (37%) 21% 2.6

Abbreviations: n= number of patients, ICG= indocyanine green, SLN= sentinel lymph node, NR=not reported, L= laparotomy, l = laparoscopy, R= robotic, PA SLN= percentage of
detected para-aortic SLNs.
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NIR imagers are available for laparotomy, laparoscopy, and robotic sur-
gery. The ICG signal penetrates tissues, but also allows for real-time vi-
sualization during dissection, combining the assets of colorimetric and
radionuclear techniques. ICG has been shown superior to blue dyes for
detection, particularly in obese patients [34–37]. The only disadvantage
of this tracer is the requirement for specialized NIR imaging equipment.
The risk of adverse events is extremely low for ICG (1/42,000 anaphy-
laxis); however, it should be avoided in patients with severe iodine al-
lergy or liver failure, as it is excreted completely by the liver.

4.4. Injection sites

The optimal tracer injection site for endometrial cancer has been in-
vestigated and reported from several observational studies (Tables 1
and 2) [30,32,35–58]. Sub-serosal uterine fundus, deeper myometrium
[59,60] and hysteroscopically guided sub-endometrial tumor injections
have been evaluated [49,61]. While these techniques offer higher rates
of para-aortic SLN detection [49], cervical injection has become the
most favored technique, as it is straightforward and garners the highest
SLNdetection rates [62,63]. The tracer should be injected slowly into the
submucosa or superficial cervical stroma tomaximize lymphatic uptake
and minimize staining of deep pelvic tissues. Increasing evidence sug-
gests that cervical injection preserves the accuracy of detection of pelvic
metastatic disease [37,64] in comprehensively staged patients, which
may result from the confluence of lymphatic pathways from different
regions of the uterus exiting the cervix through the lateral parametria.
It is likely that some para-aortic lymph nodes are reached only via the
lymphatics in the infundibulo-pelvic ligaments through deeper cervical
injections; however, the accuracy of para-aortic mapping has not been
fully investigated or reported.

5. SLN pathology

“Ultrastaging” refers to the utilization of enhanced pathology tech-
niques, including deeper serial sections and immunohistochemical
(IHC) stains, to increase the detection of malignant cells in SLNs [65].
Strategies for the pathologic processing of SLNs, including the number
of level sections examined by routine hematoxylin and eosin (H&E)
staining, the depth of sectioning into the tissue block, the interval of mi-
crons (μms) between sections, and the use of IHC to identify tumor cells



Table 2
Diagnostic accuracy of sentinel lymph node detection in function of tracer.

Site of injection Tracer Study n % mets SLN only Sensitivity NPV MM only ITC only

Cervix Blue Mais et al. 2010 [48] 34 18% 60% 50% 85% NR NR
Vidal et al. 2013 [56] 66 9% NR 86% 98% NR NR
Kim et al. 2013 [45] 504 13% NR 98% 100% 6% 30%

Total blue 604 13% 60% 94% 99% 6% 30%
Blue & Technetium99 Bats et al. 2007 [39] 43 23% 60% 100% 100% 20% 0

Ballester et al. 2011 [30] 125 15% 74% 84% 97% 37% 5%
How et al. 2012 [60] 100 11% 36% 89% 99% 36% 0
Lopez-de la Manzanara Cano et al. 2014 [47] 50 6% 100% 100% 100% 0 0
Desai et al. 2014 [41] 120 8% NR 100% 100% 50% 0
Touhami et al. 2015 [55] 268 16% 35% 97% 99% 16% 28%

Total blue & Technetium99 706 13% 51% 95% 99% 27% 11%
ICG Sinno et al. 2014 [35] 71 7% 60% 100% 100% 0 20%

Plante et al. 2015 [50] 42 26% NR 93% 99% 18% 73%
Rossi et al. 2017 [64] 340 12% 60% 97% 100% 26% 29%

ICG & Technetium99 Mucke et al. 2014 [58] 31 19% 0 100% 100% NR NR
Blue & ICG & Technetium99 How et al. 2015 [43] 100 10% 70% 90% 99% 30% 0
Blue & ICG Holloway et al. 2017 [37] 180 21% 61% 98% 99% 20% 38%
Total ICG combinations 764 14.5% 59% 97% 99% 22% 29%

Hysteroscopic Technetium99 Solima et al. 2012 [53] 59 15% NR 90% 98% 30% 30%
Favero et al. 2015 [42] 42 22% NR 58% 89% NR NR

Blue & Technetium99 Delaloye et al. 2007 [40] 60 15% 78% 100% 100% NR NR
Myometrial Blue Lopes et al. 2007 [46] 40 28% 18% 75% 96% 46% 0

Li et al. 2007 [57] 20 10% NR 100% 100% NR NR
Technetium99 Torné et al. 2013 [54] 74 18% NR 82% 98% NR NR
Blue & Technetium99 Robova et al. 2009 [51] 101 5% NR 100% 100% NR NR

Mixed Mixed Niikura et al. 2013 [49] 100 18% NR 100% 100% 8% 3%
Mixed Sawicki et al. 2015 [52] 188 10% NR 90% 98% NR NR
Mixed non-cervix 684 14% 54% 91% 98% 22% 10%

Abbreviations: n=number of patients, %mets=percentage of patients havingmetastases in the lymphnodes, SLN only= the sentinel node is the only node that containsmetastases, NPV
= negative predictive value, MM = micrometastasis, ITC = isolated tumor cells, NR = not reported.
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not noted onH&E alone, all vary among institutions andwithin the pub-
lished literature. The College of American Pathologists (CAP) guidelines
for breast SLNprocessing are to slice along the long axis of the node at 2-
mm intervals and examine all slices microscopically with at least 1 rep-
resentative H&E level [66]. Additional H&E levels or IHC studies may be
employed [66]. In contrast, typical histologic examination of a (non-
sentinel) lymph node involves a single H&E section along the long axis
of the lymph node (either intact or bisected), with deeper levels or
IHC performed at the pathologist's discretion.

There are no formal evidence-based guidelines for the pathologic as-
sessment of SLNs in endometrial cancer. The algorithm proposed by the
group at Memorial Sloan Kettering (MSK) consists of an initial evalua-
tion by routine H&E, and if negative, two adjacent 5-μm sections (one
H&E and one cytokeratin AE1/AE3) cut from each paraffin block at
each of two levels 50 μm apart [38,45]. Holloway et al. [67] used a sim-
ilar approach with H&E-negative nodes sectioned at 50-μm intervals,
resulting in three H&E slides and one stained with AE1/AE3. In another
study, six serial sections cut at 40-μm intervals were examined on H&E,
aswell as an AE1/AE3 taken between the third and fourth levels [55]. Al-
ternatively, endometrial SLNs have been examined by leveling the block
at 50-μm intervals with levels 1, 3, and 5 stained with H&E and levels 2
and 4 stained with AE1/AE3 [41]; or by bisecting the node, creating a
Table 3
Analysis of SLN metastases from recent studies.

Author, year N (with SLN assessment) Macro-metasta

Holloway et al. 2016 [67] 119 14 (12%)
Touhami et al. 2015 [55] 268 24 (9%)
Desai et al. 2014 [41]a 103 5 (4.9%)
Raimond et al. 2014 [69] 136 7 (5%)
Kim 2013 [45]b 508 35 (7%)
Ballester et al. 2011 [30] 111 8 (7%)
Overall 1245 93 (7.5%)

Abbreviations: SLN = sentinel lymph node; N = number of patients; ITC = isolated tumor cel
a IHC positive only (no description of size of metastasis in the SLN).
b Includes 6 patients with positive non-SLN.
cytologic smear, and then grossly slicing in 3-mm intervals, which in
turn, were sectioned at 200-μm intervals, with H&E-negative nodes
stained with AE1/AE3 [68,69]. Likely as a result of differences in patient
populations studied, and possibly the surgical and pathologic process-
ing techniques used, identification of low-volume disease
(micrometastasis and isolated tumor cells [ITCS]) varies widely be-
tween institutions and case series (Table 3) [30,41,45,55,67,69].
Ultrastaging can likely be eliminated in endometrioid adenocarcinoma
with no myoinvasion (0.8% metastasis of 242 cases) [45].

According to the American Joint Committee on Cancer (AJCC) Staging
guidelines for the staging of breast cancers, macrometastases are defined
as groups of malignant cells N2.0 mm. Micrometastases are defined as
N0.2mmand/or N200 cells, but none N2.0mm. ITC clusters are small clus-
ters of cells not N0.2mm, present as either single tumor cells or clusters of
b200 cells; ITCs can be detected by H&E or by IHC alone [70].

Per the AJCC breast cancer guidelines, nodes containing ITCs only are
not included as positive lymph nodes but are recommended to be in-
cluded in the total number of nodes evaluated [70]. The “p” is used for
pathologic evaluation of nodes (pN), and the following subcategories
have been created for use in breast cancers: pN0 (i−) no regional LN
metastases and negative IHC, pN0(i+) malignant cells in lymph nodes
b0.2 mm (detected by H&E or IHC including ITC), pN1mi
sis Micro-metastasis ITC (only) Total LN positive

10 (8.4%) 12 (10%) 36 (30%)
7 (2.6%) 12 (4.5%) 43 (16%)
5 (4.9%) – 10 (9.7%)
15 (11%) – 22 (16%)
4 (0.8%) 19 (3.7%) 64 (13%)
7 (6.3%) 1 (0.9%) 16 (14%)
48 (3.9%) 44 (3.5%) 185 (14.9%)

ls; LN = lymph node.
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micrometastases N0.2 mm and/or N200 cells but b2mm, and pN1ame-
tastases in 1–3 axillary lymph nodes with at least 1 metastasis N2 mm
[70]. The 7th edition of the AJCC StagingManual does not assign similar
sub-categories for lymphnodemetastases in endometrial cancer [70]. In
order to better study the significance of ITCs andmicrometastases com-
pared to macro-metastases in endometrial cancer, we may consider
using a similar TNM staging nomenclature in the research setting.
Whether pN0(i+) and/or pN1mi should be incorporated into routine
pathologic staging or considered as FIGO stage III remains to be
determined.

6. SLN mapping in endometrial cancer

Several observational studies of SLNmapping in endometrial cancer
using either single dyes, combinations of dyes, or Tc-99 radiocolloid
injected into the cervix have been reported (Tables 1 and 2) [30,32,
35–58]. The reproducibility of the cervical injection technique, high suc-
cess rate, and low-risk for isolated aortic metastasis has led most inves-
tigators to use cervical injections of tracers [71]. ICG,with orwithout the
other tracers injected into the cervix, used with fluorescent imaging
emerged as the most consistently effective pelvic SLN detection tech-
nique in endometrial cancer [32,36].With the initial studies of SLNmap-
ping by Abu-Rustum et al., a low false-negative rate was demonstrated
[62]. The same investigators described a learning curvewith an increase
in SLN detection from 77% to 94% (p= 0.03) following a 30-case expe-
rience [72]. Enhanced pathologic analysis with serial sectioning and IHC
increased the detection of metastasis by approximately two-fold com-
pared to routine H&E findings in patients undergoing SLN mapping,
largely through the detection of micrometastases and ITCs that were
not identified on the initial H&E examinations [30,45,67,69].

In a 3-year retrospective analysis of 507 low- and high-risk histology
cases undergoing SLN mapping, a gradual decrease in the number of
completion lymphadenectomy procedures was identified along with a
decrease in the average number of lymph nodes removed [73]. There
was no difference in the annual number of cases identified with
lymph node metastasis (Y1, 7.0%; Y2, 7.9%; Y3, 7.5%; p = 1.0), despite
the decreasing proportion of lymphadenectomy cases (Y1, 65.0%; Y2,
35.0%; Y3, 23.0%; p b 0.001). The authors suggested that the SLN algo-
rithm may reduce the need for standard lymphadenectomy and did
not appear to adversely affect the detection of stage IIIC disease. It has
also been recognized that approximately 5% of SLNs are located in
areas not routinely dissected with pelvic lymphadenectomy, such as
presacral and deep internal iliac lymph nodes [43]. More recently, stag-
ing results from patients undergoing lymphadenectomy (N=661) ver-
sus SLN mapping plus lymphadenectomy (N = 119) were
retrospectively compared [67]. Despite equivalency in demographics
and uterine tumor pathology risk factors for metastasis, the SLN group
had more lymph node metastasis (30.3% vs. 14.7%, p b 0.001), more
stage IIIC disease (30.2% vs. 14.5%, p b 0.001), more GOG high-risk
cases (32.8% vs. 21.8%, p=0.013), and receivedmore adjuvant therapy
(28.6% vs. 16.3%, p b 0.01). The SLN was the only metastasis in 18 (50%)
of mapped cases with positive nodes, and the false-negative rate
was 2.8%. Performance of SLNmappingwith staging lymphadenectomy
increased the detection of lymph nodemetastasis (OR 3.29, 1.87–5.82; p
b 0.001) [67].

6.1. The National Comprehensive Cancer Network (NCCN) SLN algorithm

The primary objective of SLN mapping in endometrial cancer is to
identify the lymph nodes most at risk for metastasis in order to limit
complete lymphadenectomy procedures and their associated morbid-
ities. To assure accuracy of staging, SLN mapping requires a high rate
of SLN detection, high sensitivity for detection of metastasis, and a low
false-negative rate. Suggested reasons for mapping failure include lym-
phatic obstruction by tumor in cases with clinically positive nodes [38],
obesity, and use of blue dye only [36]. Failure tomap, therefore, requires
side-specific lymphadenectomy in order to assess lymph node status.
Any suspiciously enlarged or firm lymph nodes should also be removed
irrespective of mapping results. Barlin et al. described a reduction in the
false-negative rate in patients mapped with blue dye from 15% to 2%
when an SLN algorithm that included side-specific lymphadenectomy
for mapping failure was followed [38]. The algorithm was published in
the 2014 NCCN guidelines for endometrial cancer. Other investigators
have confirmed similar reductions in false-negative SLNmapping asso-
ciated with the use of the NCCN SLN algorithm [56,74,75].

6.2. Key points of the SLN algorithm and the NCCN guidelines version
1.2017

1. Expertise of the surgeon and attention to technical detail are impor-
tant factors for mapping success.

2. Superficial and deep cervical injection of dye emerged as a useful and
validated mapping technique.

3. Complete evaluation of the peritoneal cavity is required (SLN map-
ping is for clinical stage I, apparent uterine-confined disease).

4. SLN dissection begins with evaluation of the retroperitoneal spaces
and identification of the sentinel drainage pathways that emanate
from the parametria, followed by excision of the most proximal
lymph nodes in the sentinel pathway.

5. Any suspicious lymph nodes should be removed regardless of SLN
mapping and frozen section analysis may influence the decision to
performpara-aortic lymphadenectomy in some cases. However, rou-
tine frozen section of SLNs is not advised because of relatively low
sensitivity for detection of metastasis in normal appearing lymph
nodes, cost, and potential alteration of ultrastaging pathology.

6. Performance of hemi-pelvic side-specific lymphadenectomy for
mapping failure has been shown to reduce false-negative staging.

7. Enhanced pathology evaluation of SLNs with serial sectioning and
IHC stains increases the detection of low-volume metastasis. See
Section 8 for a discussion on the controversies of detecting ITC
metastasis.

6.3. Oncologic outcomes with the SLN algorithm compared to
lymphadenectomy

There are currently few clinical studies that compare recurrence pat-
terns and survival in womenwith endometrial cancer staged by the SLN
algorithmversus pelvic and aortic lymphadenectomy. Raimond et al. re-
ported that SLN biopsies used with lymphadenectomy detected 10% (3-
fold) more metastasis than lymphadenectomy and allowed stratifica-
tion of patients to pelvic radiation versus brachytherapy [69]. There
was no difference in recurrence-free survival for SLN-mapped cases
(node+ or−) and unmapped cases; however, variations in treatments
administered under non-protocol physician discretion and an under-
powered study prevented making conclusions about SLN effect on sur-
vival. The multi-institutional SENTI-ENDO study also evaluated long-
term outcomes and the impact of SLN biopsy on survival in 125 patients
with clinical stage I or II disease [76]. Similar to the Raimond study, no
conclusions could be made about oncologic outcomes other than an ef-
fect on choice of adjuvant therapy. Even in “best case” scenarios, not all
recurrences can be prevented with staging lymphadenectomy (SLN or
complete), but sidewall recurrences in the nodal basins should bemin-
imized if there is any value in the identification of appropriate lymph
nodes and their treatment. In this context, a recent publication showed
an improved 4-year recurrence free survival in a mixed population of
patientswith low and high risk histologies. How et al. reported a 68% re-
duction of pelvic sidewall recurrences in patients stagedwith SLN biop-
sies followed by completion lymphadenectomy compared to routine
lymphadenectomyprocedures (HR 0.32, p=0.007) [77]. Future studies
comparing patterns of disease recurrence in patients with high risk his-
tologies undergoing the SLN algorithm alone without completion
lymphadenectomy, to traditional lymphadenectomy will be necessary
to confirm the efficacy of the SLN algorithm.
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In a comparison of complete lymphadenectomy at the Mayo Clinic
(Rochester, MN) to the SLN algorithm at Memorial Sloan Kettering Can-
cer Center (NewYork, NY), pelvic nodemetastasiswas identified in 2.6%
and 5.1%of patients, respectively (p=0.03), and aortic nodemetastases
in 1.0% and 0.8% respectively (p = 0.75). Myometrial invasion was ab-
sent in 29% and 57% of tumors, respectively. Despite some differences
in patient characteristics and adjuvant therapy, the 3-year disease-free
survival rates were not different (96.8% [95% CI, 95.2–98.5] and 94.9%
[95% CI, 92.4–97.5], respectively). These data support the use of the
SLN algorithm for staging patients with endometrioid adenocarcinoma
with b50% myometrial invasion [78]. The oncologic outcomes of pa-
tients with deeply invasive high-grade lesions from the same institu-
tions are currently being analyzed. In a presentation at the 2016 IGCS
biennial meeting, Soliman et al. [79] reported a SLN detection rate of
89% from a prospective study of high-grade or deeply invasive endome-
trial cancer for which SLN mapping was followed by completion pelvic
and aortic lymphadenectomy. They also confirmed that SLN mapping
accurately identified positive nodeswhen combinedwith a side-specific
lymphadenectomy per the NCCN algorithm [80], with a false-negative
rate of 4.5% [79].

Similar survival comparisons have been reported for patients with
carcinosarcomamanagedwith the SLN algorithm versus lymphadenec-
tomy [81]. In one study, of 136 patients with uterine carcinosarcoma, 48
had surgical staging with SLN mapping and 88 had routine lymphade-
nectomy consisting of pelvic and/or para-aortic lymph node dissection.
Themedian number of lymph nodes removedwas 8 and 20, respective-
ly (p ≤ 0.001); however, themedian number of positive nodes was sim-
ilar between the groups (p = 0.2). There was no difference in median
progression-free survival between the SLN and lymphadenectomy
groups (23 vs. 23.2 months, respectively; p = 0.7). High-risk uterine
papillary serous carcinoma has also been evaluated in a cohort of 248
patients (153 using the SLN algorithm, 95with routine lymphadenecto-
my) [82]. For the SLN versus lymphadenectomy groups, the median
nodes removedwere 12 (range, 1–50) and 21 (range, 1–75), respective-
ly (p b 0.001). There were no differences in adjuvant therapy or 2-year
progression-free survival (77% vs.71%, respectively, p = 0.3) [82].
These data suggest the possible safety of the NCCN SLN algorithm in
the surgical staging of high-risk histologies, however larger multi-insti-
tutional studies with long-term follow-up should be performed before
lymphadenectomy is abandoned in high-grade disease.

7. Controversies IN SLN mapping for endometrial cancer

While the current information from SLN mapping studies in endo-
metrial cancer appear quite promising, there are many controversies.
The accuracy of the technique across practitioners, appropriate patient
selection, optimal treatment algorithm to differentially manage high-
and low-grade patients, the role of para-aortic dissection, and the clini-
cal significance of ITC node metastasis require further research.

7.1. Is SLN biopsy accurate in detecting metastatic disease?

In order to be an acceptable staging procedure, SLN biopsy must
have high sensitivity and negative predictive values. The FIRES study in-
cluded 344 patients with endometrial cancer (100 of whom had high-
grade disease) who were SLN mapped and staged by 19 surgeons
from 10 institutions [64]. The findings of this trial were consistent
with prior smaller series and retrospective analyses with respect to ac-
curacy, with a sensitivity of 97.2% and a negative predictive value of
99.7%. False-negative SLNs appeared more prevalent in patients who
failed to map bilaterally. To minimize false-negatives, we recommend
close adherence with the NCCN SLN algorithm, which includes comple-
tion lymphadenectomy for unmapped sides [38,80] and the removal of
any suspiciously enlarged non-mapped lymph nodes. As with all can-
cers, patients being offered SLN biopsy for endometrial cancer should
be counseled regarding the potential risk for missed occult disease.
However, even with a low false-negative rate, SLN mapping increases
the detection of metastasis overall compared to routine lymphadenec-
tomy [67,69].

7.2. Patient eligibility and the integration of staging algorithms

Evidence suggests that patients with either low- or high-grade his-
tologies may be candidates for SLN mapping. Oncologic outcomes
from institutions that apply SLN-only techniques are comparable
those of institutions who practice radical lymphadenectomy ap-
proaches inclusive of infrarenal para-aortic dissection for patients with
endometrioid carcinomas that are b50% myo-invasive [78]. “Low-risk”
endometrial cancer is often a retrospective diagnosis, not always avail-
able intra-operatively. Nevertheless, comprehensive lymphadenectomy
offers little opportunity for clinical benefit in low-risk histology popula-
tions. Accurate identification of the minority of seemingly low-risk pa-
tients who harbor node metastasis will significantly alter adjuvant
therapy prescription and may affect their prognosis. At a minimum,
morbidity is likely reduced for patients with low-risk histology using
the NCCN SLN algorithm compared to patients undergoing routine
lymphadenectomy [80].

Retrospective data support that when high-grade cancers such as
carcinosarcoma and uterine papillary serous carcinoma are staged
with SLN biopsy, oncologic outcomes appear similar to historical co-
horts [81,82]. Pre- and intraoperative assessment for suspicious nodes
or extra-uterine disease should be conducted in high-risk (Type II and
G3 endometrioid) patients, and close adherence to the SLNmapping al-
gorithm is critically important. Until more prospective registry trial in-
formation documents further safety and efficacy of SLN mapping in
high-risk disease, consideration of “add on” completion lymphnodedis-
sections is an acceptable approach [83].

7.3. Determining adjuvant therapy and the role of para-aortic node dissec-
tion with SLN biopsy

Staging lymphadenectomy serves an important role in guiding adju-
vant therapy. Improved survival has been observed when chemothera-
py is prescribed formetastatic endometrial cancer [84], and the location
and volume of lymph node metastases can be used to aid in the pre-
scription of tumor-directed radiation therapy for the purpose of local
control [85] and possibly survival [86,87]. When adopting the sentinel
lymph node technique, clinicians are provided with qualitatively differ-
ent information regarding the extent and distribution of lymph node
metastases compared to traditional lymphadenectomy, and this may
pose challenges for determining optimal adjuvant therapies.

One challenge clinicians face is uncertainty about the disease status
of normal-appearing non-sentinel lymph nodes, and the potential for
residual metastatic disease. Studies of comprehensively staged patients
have shown that residual metastatic disease is present in non-SLNs in
approximately 40% of patients [37,88]. Careful attention to the appear-
ance of the non-SLN per the surgical algorithm is critically important,
and suspiciously enlarged nodes should be removed. It is assumed
that any lower volume residual disease in non-SLN will be controlled
with adjuvant therapy, and the early studies in high risk histology pa-
tients discussed in Section 6 seem to support this assumption [79,81,
82]. Nevertheless, more studies with longer followup are desirable to
confirm.

A second challenge with SLN mapping is uncertainly about whether
nodal metastases are exclusively pelvic or co-exist with para-aortic dis-
ease. Approximately half of patients with positive lymph nodes have
disease in both pelvic and para-aortic regions [89,90]. If clinicians prefer
to treat node-positive patients with adjuvant radiation therapy, the un-
certainty of para-aortic node status in patients who only receive pelvic
SLN biopsies can render decisions about the extent of radiation fields
difficult. While approximately 10% of patients have SLNs identified in
para-aortic regions (Table 2 & ref. [77]), the sensitivity and false
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negative rates for detection of para-aortic metastases have not been de-
scribed. Para-aortic lymphadenectomy should be considered for pa-
tients with grossly positive pelvic nodes, high-risk histologies, and
deep myo-invasion, if the information gained will influence the extent
of radiation fields.

Finally, use of the SLN surgical algorithmmay be associatedwith fail-
ure to diagnose isolatedpositive para-aortic disease. The risk for isolated
para-aortic nodal metastases is approximately 3% [89,90]. Failure to
identify para-aortic metastases potentially results in failure to prescribe
appropriate adjuvant therapy. This issue is particularly relevant with
SLN detection using cervical injection of dyes, because of the lower
rates of para-aortic SLN detection compared to fundal or intra-tumoral
injections [49,51]. In the FIRES trial, completion para-aortic dissection
was performed in 58% of all patients and 74% of patients with high
grade cancers. No cases of missed isolated para-aortic nodal metastases
were observed among patients who mapped at least one SLN and
underwent para-aortic lymphadenectomy, however not all patients
underwent an infra-renal dissection. Isolated para-aortic metastases
were correctly identified in the para-aortic sentinel nodes following cer-
vical injection in 3 (b1%) cases [64].

In order to overcome these challenges with SLN mapping, the fol-
lowing strategies can be considered by clinicians. Preoperative imaging
can be performed on patients at high risk for lymph node metastases
(high grade tumors) to identify suspicious lymph nodes in the para-aor-
tic region that should be surgically evaluated regardless of mapping re-
sults. In addition, frozen section analysis to identify invasion N50%
identifies patients at high risk for para-aortic metastasis, as well as pos-
itive pelvic nodes. Intra-operatively, surgeons should closely inspect the
para-aortic region for the identification of true SLNs (as opposed to sec-
ondary echelon nodes) particularly among those patients who appear
to have failed to map a pelvic SLN. Among patients at higher risk for oc-
cult para-aortic disease (high grade histologies, deeply invasive uterine
tumors, positive pelvic nodes) surgeons can elect to performpara-aortic
lymphadenectomy, and rely on the SLN algorithm exclusively for pelvic
nodal evaluation.

Post-operatively, pelvic node positive patients who did not undergo
para-aortic lymphadenectomy should receive imaging (with PET or CT
scans) to evaluate for gross residual non-SLN disease. Radiographic
findings can help guide tumor directed radiation, however PET and CT
scans suffer from lower sensitivity than lymphadenectomy and cannot
detect disease b0.5 mm. Themost controversial option would be re-op-
eration to complete the lymphadenectomy in SLN-positive patients for
diagnostic and therapeutic purposes. This option carries with it the
greatest potential risk to patients, and should only be contemplated if
the results of re-operation would substantially alter the prescription of
adjuvant therapy or for purposes of debulking significantly enlarged
lymph nodes that were missed at the initial staging procedure. It is
important to note that lymphadenectomy with removal of normal-
appearing lymph nodes has not been associated with a survival ad-
vantage [7]. A more conservative approach is to utilize the results of
pelvic SLN sampling and pre or post-operative imaging to guide
chemotherapy prescription and radiation fields, reserving extended
radiation fields to the para-aortic region for patients with proximal
iliac SLN metastases, positive para-aortic findings on imaging, or
high grade cancers.

Ultimately the dilemmas that clinicians face in the determination of
adjuvant therapy for metastatic endometrial cancer are not novel to the
era of the SLN algorithm. Historically, not all patients undergo com-
prehensive staging [91], and oncologists commonly rely on limited
information for determining adjuvant therapy. Additionally, the
role of radiation and chemotherapy in the adjuvant setting is not
conclusive and is currently being evaluated in the phase III GOG
#258 trial that compares chemotherapy to chemo-radiation plus
chemotherapy. We await the results of ongoing cooperative group
trials that address the optimal therapies for patients with node-pos-
itive disease.
7.4. Should adjuvant treatment for ITCs and/or micrometastasis be offered?

At this time, the significance of low-volume metastases in endome-
trial cancer is unclear. Current NCCN breast cancer guidelines state that
routine IHC is not recommended, and that treatment decisions should
be based on H&E results. However, both the biology and natural history
of breast and endometrial cancers are quite different, and the applica-
tion of breast cancer guidelines to endometrial cancer is untested. For
endometrial cancer, low-volume metastases found with ultrastaging
make up approximately half of the lymph node metastases identified
through SLN assessments (Table 3) [30,41,45,55,67,69]. Occult (IHC
positive) lymph node metastases in SLNs or non-SLNs are associated
with high-risk uterine features such as lymph-vascular space invasion
and deep myometrial invasion, and are associated with a higher rate
of recurrence [92,93]. Recurrence rates for patients with SLN
micrometastases who are treated with adjuvant therapy approximate
those of patientswithoutmetastases, but it is uncertainwhat impact ad-
juvant therapy has on these patients' outcomes [94]. The presence of
ITCs or micrometastases may represent a prognostic biomarker in
terms of survival outcomes, but it is still unknownwhether thepresence
of ITCs should be used as a predictive biomarker, independent of other
histopathology risk factors for metastasis or recurrence.

7.5. What criteria constitute proficiency for the SLN technique?

In the absence of learning curve data in endometrial cancer, sur-
geons should consider following the American Society of Clinical Oncol-
ogy (ASCO) guidelines for application of the technique in breast cancer
[95]. Surgeons should complete at least 20 SLN procedures with con-
comitant completion lymphadenectomy prior to adopting an SLN algo-
rithm. Quality outcomes that include SLN detection rates (bilateral,
unilateral or failed), rates of “empty” SLN specimens, and false-negative
SLNs should be continuously monitored and approximate or surpass
those reported in the literature. Following the NCCN SLN algorithm in-
creases the detection of metastases and reduces the false-negative
rate [80]. It should be cautioned that in low-risk populations (b5% risk
for metastasis), documentation of an individual surgeon's acceptable
false-negative rate will require N20 cases because of the low frequency
of events.

8. Future directions

The NCCN SLNmapping algorithm holds great promise as a modern
staging strategy for apparent uterine-confined endometrial carcinoma
[80]. While awaiting the launch of randomized surgical trials that in-
clude an SLN component, several NCI-designated United States cancer
centers have embarked on collaborative SLN studies of their endometri-
al cancer databases, and the results continue to be analyzed. For exam-
ple, in a comparison of patient cohorts from two separate institutions,
the validity of the SLN algorithm was demonstrated with no apparent
detriment in surgical staging or oncologic outcomes when patients
who underwent staging with the SLN algorithm from one center were
compared to patients managed with comprehensive pelvic and aortic
lymphadenectomy at another center [78]. Similar collaborative efforts
are ongoing to analyze data for higher risk endometrial cancer histology,
including deeply myoinvasive carcinomas, as well as serous and clear
cell carcinoma. Moreover, large single-institution prospective studies
utilizing SLN cervical injection followed by pelvic and para-aortic
lymphadenectomy to prospectively describe the detection rate and
false-negative rate are ongoing, and the encouraging results of these in-
vestigations have been recently presented at the SGO and International
Gynecologic Cancer Society (IGCS) Annual Meetings [37,79]. With in-
creasing utilization of the SLN algorithm for staging throughout the
United States, Canada and Europe, several investigators have proposed
and launched registry studies to describe outcomes, quality, cost assess-
ment, and survival data. In addition, several investigators are working



Fig. 1.Example of left pelvic sentinel lymphnode (SLN) following indocyanine green (ICG)
cervical injection in endometrial cancer. The lymphatic trunk, SLN, and secondary node are
seen. Colored segmented fluorescence (CSF)mode (Novadaq, Ontario) allows the surgeon
to see the operative field in four different modes (picture in picture), including a high-
definition colored image (left upper quadrant), SPY (black and white with highest
precision), green overlay PINPOINT®, and CSF with a color gradient of fluorescent
intensity uptake (red highest, blue lowest).
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on survey questionnaires for patients who underwent lymphadenecto-
my versus SLN staging using the algorithm to compare long-term mor-
bidity and obtain more data on the incidence of lower extremity
lymphedema with both approaches. Hopefully, these ongoing efforts
and investigations will add to our knowledge of the potential benefits
and side effects of SLN mapping.

Several proposals for a surgical randomized trial with an SLN algo-
rithm component have been presented at the NRG and other national
and international cooperative group meetings. One of the concepts
that received enthusiasm was a proposal to study SLN mapping in a
higher risk group for lymph node metastasis. This resulted in the crea-
tion of the STATEC (Selective Targeting of Adjuvant Therapy in Endome-
trial Cancer) Trial, a randomized phase 3 study comparinghysterectomy
with pelvic and para-aortic node dissection with optional SLN mapping
versus hysterectomy without para-aortic and pelvic node dissection in
patientswith intermediate- to high-risk early-stage endometrial cancer.

The significance of ITCs in SLNs as the only finding of extra-uterine
disease and the options of treatment for these patients remains the sub-
ject of much discussion and interest. Designing a prospective random-
ized trial for adjuvant therapy for these select cases is probably not
feasible from statistical and cost perspectives. The preferred approach
to study these issues may be to reach consensus on diagnostic defini-
tions among gynecologic pathologists and standardize adjuvant therapy
among SLN investigators, and then follow the outcomes from prospec-
tive registries in order to understand the clinical behavior of low-vol-
ume metastasis.

The recent advent of NIR fluorescent technology in various laparo-
scopic and robotic platforms initiated a surge in the use of SLNmapping
with ICG as a preferred mapping agent over blue dye or technetium.
Several industry device manufacturers are actively developing novel
imaging technologies with enhanced computer software to produce
more precise and reliable fluorescent imaging. The colored segmented
fluorescence (CSF) mode (Pinpoint®, Novadaq, Ontario) allows sur-
geons to see the operative field in four different modes (picture in pic-
ture), including a high-definition colored image, SPY (black and white
with highest precision), green overlay pinpoint, and CSF with a color
gradient of fluorescent heat map intensity uptake (Fig. 1). The FILM
trial, a prospective, randomized, open-label multicenter study assessing
the safety and utility of PINPOINT® NIR fluorescence imaging in the
identification of SLNs in patientswith uterine and cervicalmalignancies,
should complete enrollment in 2017.

Investigations going beyond colored dye cervical injections are un-
derway in several institutions. Following the preliminary work by
Thorek andGrimm[96], the utilization of positron (FDG) lymphography
has been piloted in a recent prospective study atMemorial SloanKetter-
ing with the objective to investigate whether an FDG cervical injection
can map SLN metastasis, and not just the SLN. Other novel ongoing
phase 1 SLN trials include one studying the injection of the nanoparticle
C-dots (Cornell dots, Cornell University) into the cervix for the develop-
ment of nanoparticles for molecular imaging in humans [97]. These and
similar studies with potentially targeted molecular probes that can be
injected systemically or interstitially are currently among the most
novel strategies for developingmodern surgical staging tools for uterine
malignancy. Hopefully, as more specific and targeted molecular ap-
proaches are validated for endometrial cancer, including a better under-
standing of modern molecular profiling and its impact on adjuvant
therapy recommendations, these technologies might replace surgical
staging for women with endometrial carcinoma. Until that time, SLN
mappingwith targeted lymphnode assessment represents a rational al-
ternative to complete lymphadenectomy for staging endometrial
cancer.

9. Consensus recommendations

Based on the current literature, we recommend that:

1. For patients with endometrial cancer, SLNmapping by cervical injec-
tion of tracers accurately predicts the presence of pelvic lymph node
metastasis and has a low (b5%) false-negative rate when the NCCN
surgical algorithm is closely followed. It is recommended that com-
pletion lymphadenectomybe performed as an “add on” until an indi-
vidual surgeon's experience documents literature-comparable
success of SLN detection and a b5% false-negative rate.

2. Use of ICG dyewithNIR fluorescent imaging has similar rates ofmap-
ping success to those of radiocolloid Tc-99 combined with blue dye.
Radiocolloid Tc-99 combined with dye remains an acceptable ap-
proach. When available, cervical injection of ICG dye with infrared
imaging is preferable because of technical ease, high success, and
reliability.

3. Patients with low-grade endometrioid adenocarcinoma (grade 1 or
2) are appropriately staged following theNCCN SLNalgorithmguide-
lines (version 1.2017): SLNmapping can be performed in lieu of rou-
tine pelvic lymphadenectomy for patients with apparent uterine-
confined grade1 and 2 endometrioid cancers.

4. SLNmapping increases the overall detection of metastasis compared
to routine lymphadenectomy. As with all cancers, however, patients
should be counseled regarding the potential risk for missed occult
disease using SLN biopsy for staging endometrial cancer.

5. SLN mapping is accurate for detecting pelvic nodal metastasis and
some aortic SLNs. Decisions about completion para-aortic dissection
should be at the attending surgeon's discretion based on individual-
ized patient characteristics and tumor-based risk criteria (depth of
invasion, histology, and pelvic node status).

6. Pathologic processing of each SLN should include serial sectioning
along the longitudinal plane of the node at 2-mm intervals and mi-
croscopic examination of all slices with at least 1 representative
H&E level. Pathologic ultrastaging (deeper level sections and/or im-
munohistochemical studies) increases the detection of ITCs and
micrometastasis. The clinical significance of increased detection of
ITCs in this setting is currently uncertain and deserves study in
well-designed clinical trials.

7. Incorporating the NCCN SLN mapping algorithm into the staging of
high-grade endometrial cancer (grade 3 endometrioid, serous, clear
cell, or carcinosarcoma) is feasible and currently utilized by several
institutions, with encouraging early results. Completion lymphade-
nectomy with para-aortic assessment is reasonable in patients with
high-grade disease until more data regarding the safety and efficacy
of SLN biopsies alone become available.
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