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ABSTRACT

Lymphnode removal for staging, as part of the initial surgical
management of patients with endometrial carcinoma,
remains a controversial topic in gynecologic oncology.There
is currently wide variability among clinical practices, with
surgical approaches ranging from no nodal evaluation to
comprehensive pelvic and aortic lymphadenectomy. Lym-
phatic mapping has emerged as an increasingly popular
option over the past few years, with several attractive
features in its concept, innovative surgical approach, and
encouraging preliminary results. At this time, however,
several different techniques have been described and used
for lymphatic mapping in endometrial cancer, incorporating
a variety of mapping agents and injection sites. Although
recently published results are encouraging, they are limited
to single-institution series or multi-institutional collabora-
tions undertaken without the aegis of a prospective ran-
domized controlled trial. However, the surgical staging of
endometrial cancer with lymphadenectomy was historically
established based not on randomized trial data but on

prospective clinicopathologic studies. Anotherevolving field
in endometrial cancer staging is the interpretation of
pathologic ultrastaging of sentinel lymph nodes (SLNs),
which can identify low-volume metastases for which the
clinical significance and the ideal management remain
uncertain. This is particularly an issue with extremely low-
volume nodal metastasis and isolated tumor cells. Further-
more, it has become apparent that applying a predefined
SLN algorithm can decrease false-negative rates. The
Memorial Sloan Kettering Cancer Center SLN algorithm can
beusedas a checklist toensure standardizationofcare and to
reduce the chance of missing nodal disease. Prospective
trials are under way at many institutions to help establish
the definitive role of SLN mapping for staging of endome-
trial cancer. The objective of this study was to provide
an update on the latest clinical data related to lymphatic
mapping for the staging and management of endometrial
cancer and its role in clinical practice. The Oncologist 2016;
21:461–466

Implications forPractice: Lymphaticmapping isan increasinglypopularoption in thesurgical treatmentofendometrial cancer.The
aimofusing this tool is to target the lymphnodes thatare themost likely tobe involvedwithmetastatic cancer cells (sentinel lymph
nodes) and thereby limit the extent of surgery needed and decrease surgical complications and long-term side effects associated
with extensive lymph node removal. By examining a limited number of sentinel lymph nodes, a more detailed examination of the
nodecanbedone (ultrastaging).This allows for thedetectionof a small numberofcancer cells (low-volumemetastasis) that canbe
missed with standard techniques.

INTRODUCTION

Endometrial cancer is the most common gynecologic ma-

lignancy in the United States, with an estimated 54,870

new cases in 2015 [1]. Except in rare circumstances in which

surgery is contraindicated, the initial management of

apparent early-stage endometrial cancer (i.e., disease clin-

ically assumed to be limited to the uterus) requires surgical

staging, which includes a hysterectomy, bilateral salpingo-

oophorectomy, and evaluation of regional lymph node

involvement, specifically the pelvic and aortic lymph node

basins. The decision whether to perform a lymph node dis-

section, and to what extent (pelvic vs. pelvic and aortic;

below vs. above the inferior mesenteric artery; complete

lymphadenectomy vs. lymph node sampling) has been one

of the most controversial areas in the management of en-

dometrial cancer. In this context, lymphatic mapping recently

emerged as a promising new strategy and is increasingly being

adopted by gynecologic oncology practices in the U.S. and

worldwide.
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Although initially described by Burke et al. in 1996 [2],
lymphatic mapping did not garner much attention over the
ensuing decade; only in recent years has lymphatic mapping
in endometrial cancer gained increasing attention. A com-
prehensive review published in 2008 identified fewer than
20 articles regarding the subject, none of which included
more than 30 patients [3]. At the time of the writing of this
article, a PubMed search with the key words “sentinel node”
and “endometrial cancer” resulted inmore than 200 articles.
The recent interest in this surgical strategy may be due to
different factors that have influenced current practice. First,
although criticized in methodology [4], the findings of two
randomized prospective European trials evaluating the role
of pelvic lymph node dissection in early-stage endometrial
cancer showed no survival benefit in the lymphadenectomy
group [5, 6]. Second, despite wide adoption of complete
pelvic and aortic lymphadenectomy by many groups, there
has been no prospective evidence of a survival benefit
associated with this surgical strategy [7]. In addition, the last
decade has seen the increasing adoption of laparoscopy
and robotic-assisted surgery as a standard of care in the
surgical management of endometrial cancer [8], and there is
increasing awareness of the long-term side effects of
lymphadenectomy, such as lymphocyst formation, neuro-
vascular injury, and leg lymphedema. Finally, although
complete pelvic and aortic lymphadenectomy can be per-
formed via a minimally invasive or open approach, it can be
technically challenging and often not feasible in a sig-
nificant number of patients because of body habitus and
comorbidities.

Injection Technique
For any given surgical procedure, different techniques and
approaches are initially attempted to achieve a certain goal.
As different teams and surgeons believe in the validity of
the goal, there is typically a continuous improvement that
follows, and serial modifications in the surgical technique take
place, mostly derived from understanding complications and
analyzingwhether theobservedoutcomesachieve thedesired
goals. During this process, there is usually a concomitant
simplification of the technique, and improvement in the
instruments and technology involved.

Lymphatic mapping in endometrial cancer has followed
a similar path since its first description in 1996 [2].The initial
goal was to investigate whether what was to become the
standard of care in breast cancer and melanoma could be
applicable to endometrial cancer, specifically identifying
the sentinel lymph nodes (SLNs) initially involved in the
metastatic spread of cancer cells, making a complete pelvic
and aortic lymphadenectomy for staging purposes un-
necessary. The two technical aspects that needed to be
initially evaluated involved determining which injection site
was the most appropriate to allow the dye or radiocolloid to
follow the route of potential metastatic spread and which
marker (radiocolloid vs. blue dye) was associated with the
highest detection rates.

Three injection sitesweremainly used: the uterine fundus,
the endometrium using hysteroscopy, and the cervix [3]. The
fundal injection site was not associated with high detection
rates, and it is often not technically feasible when there is

distortion of the uterus secondary to leiomyomas,which is not
an uncommon occurrence [9]. The hysteroscopic approach
focused on a peritumoral injection concept and involved
identifying the tumor by direct visualization and injecting
the underlying endometrium. The initial published reports
with this approach were encouraging, indicating a high rate of
detection in both the pelvic and aortic nodal areas mimicking
the distribution of lymph node metastasis [10, 11]. Despite
these encouraging initial results, however, this technique has
not been widely adopted. Compared with the other injec-
tion methods, this is a technically more involved approach
(hysteroscopic visualization of the tumor and the surrounding
endometrium is not easy when the tumor is either too large
and occupying the whole endometrial cavity, or too small/
microscopic and harder to identify) and frequently involves
a separate procedure the day before the hysterectomy,
ultimately creating a logistical challenge and understandably
minimal enthusiasm from patients [12]. The third injection
approach, which has gained the most popularity in recent
years, involves injection into the cervix. The cervix is almost
always clearly visualized and accessible despite major distor-
tion of the uterine corpus (by tumors or leiomyomas). The most
recent national and international reportsmostly use the cervix
as their injection site, and a 2011 meta-analysis described
improved SLN detection rates with the cervical injection
compared with the other injection sites [13]. With this ap-
proach, the reported SLN detection rates have surpassed 80%
[14].Themajor criticismof the cervical injection approach is the
low rates ofmapping in the aortic area, which is discussed later
in this article.

As for the agents used to identify the SLNs, the three
available options include radioactive technetium-99 (Tc99),
bluedye (isosulfanblueormethyleneblue), and,more recently,
indocyanine green (ICG). Although all markers are acceptable
options touse in isolation, the recentexperienceofmost groups
indicates that ICG, with SLN identification using a near-infrared
camera, is associated with the highest bilateral detection rate.
ICG is rapidly becoming the marker of choice, when available
and when cost permits (Figs. 1–5) [15]. The radioactive option
requires a preoperative injection of Tc99 and lymphoscintig-
raphy before surgery and an intraoperative gamma probe to
identify the hot nodes. The blue dye injection is the simplest,
as no special equipment is needed, but seems to be associ-
ated with a low rate of bilateral mapping compared with the
other two techniques [14]. Combiningmore than one injection
agent is also used by some groups and may be associated with
a higher detection rate [14].

Predictors of Success: Surgeon, Patient, Technique
Asmentioned, it seems that the use of ICG is associatedwith a
higher rate of mapping compared with the other agents. In
addition, other factorsmay influence the detection rate and, if
nottaken intoaccount, cansignificantlyaffectmappingresults.
Surgeon experience is one of those factors. The number of
cases needed to achieve a certain level of proficiency with
any given technique depends on the individual surgeon,
volume of cases, and, likely, the technique used [16]. As
lymphatic mapping has increased in popularity, many fellows
in training are being taught this technique as part of their
training.However, it remains important for individual surgeons
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to establish their own detection rates and false-negative
rates (FNRs), regardless of how many cases they performed
during their training, to determine as precisely as possible
whether they can offer this option to their patients, and in
which circumstances. It is not uncommon for new graduates to
experience frustration in identifying SLNs once they start inde-
pendent practices after having felt extremely comfortable doing
so under supervision and guidance during their training.

It remains important for individual surgeons to
establish their own detection rates and false-
negative rates, regardless of how many cases they
performed during their training, to determine as
precisely as possible whether they can offer this
option to their patients, and in which circumstances.

In addition to factors related to the technique and to the
surgeon, successful mapping may also be affected by patient
factors. Obesity has been reported to affect successful
mapping [17, 18]. ICGwas recently reported to perform better
than blue dye in obese patients [18].

False-Negative Rates: Relevance, Alternatives
The ideal goal of lymphatic mapping is to identify one or a
limited number of SLNs that will be the first involved with
metastatic disease and, therefore, representativeof the rest of
the nodal basin. Specifically, an SLN negative for metastatic
disease would then indicate with high confidence (usually in the
90%–95%range) thattherestof the lymphnodesarenot involved,
rendering a lymph node dissection unnecessary. The typical
measure that will establish whether the spread ofmetastatic cells
follows this predictable pattern is the FNR of the lymphatic
mappingprotocol. Inotherwords,theFNRindicatestheprobability
of having metastatic cells in non-SLNs when the SLN is negative.
To calculate the FNR accurately, the population used for this

Figure 3. Right external iliac sentinel lymph node.

Figure 4. Left obturator sentinel lymph node.

Figure 5. Excised sentinel lymph node.

Figure 2. Left external iliac sentinel lymph node.

Figure 1. Right iliac sentinel lymphnodeusing indocyanine green
injection into the cervix and viewed using color-segmented
fluorescence.
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calculation should have undergone removal of the SLN as well as
non-SLNs in the regional basins at risk. For endometrial cancer,
calculatinganaccurateFNRwould require removalof theSLNsand
then performing a systematic pelvic and aortic lymph node
dissection. In the absenceof this, it could theoretically be concluded
that lymphatic mapping should not be used for endometrial
cancer staging before a reliable FNR is established [19].

However, this would be a premature conclusion if we do
not analyze current data and look at the benefits of lymphatic
mapping, acknowledging the peculiarities of endometrial
cancer. In this aspect, any discussion of the current role and
benefit of lymphatic mapping would not be accurate if not
done within the context of discussing the role of lymph node
dissection in endometrial cancer, which is the larger issue of
controversy that lymphatic mapping is trying to resolve. Simply
put, we cannot conclude that lymphatic mapping is inferior
tocomplete lymphnodedissectionand,therefore, shouldnotbe
used, if we do not first accept that a complete pelvic and aortic
lymphnode dissection is the standard that should be performed
in all cases and is associated with improved patient outcomes.

The question, therefore, is not merely whether lymphatic
mapping is associated with very low FNRs but also whether a
strategy of lymphatic mapping is more beneficial than a
strategy of complete lymphadenectomy, even if associated
with a higher FNR than what is acceptable in other solid
tumors. In that regard, the data appear encouraging, which
probably explains the adoption of this method of surgical
staging by a growing number of groups worldwide. Data from
Memorial Sloan Kettering Cancer Center (MSK) initially
showed that SLNs are three times more likely to harbor
metastatic cells than non-SLNs [20]. This was among the first
evidence showing that, at least partially, the concept of
lymphatic mapping is valid in endometrial cancer and should
be evaluated further. Following that, applying a structured
systematic algorithm was then shown to have the potential
to further decrease the incidence of false-negatives, albeit
in a retrospective data analysis (Fig. 6) [21]. Soon after, a
separateanalysis fromthesamedataand institutionshowedthat
over a 3-year period, as the number of lymph nodes removed
decreasedandlymphaticmappinguse increased,the incidenceof
patients with stage IIIC disease did not decrease [22]. In other
words, thedata suggested that identifyinganSLNcomparedwith
performing a more extensive lymphadenectomy led to a quan-
titatively similar detection of nodal metastasis. These benefits
of lymphatic mapping are valid and clinically useful, even
without a prospectively established acceptably low FNR. More
recently, an additional approach was reported using an algorithm
incorporating lymphaticmappingand frozen sectionof theuterus,
which can potentially be another valid surgical staging alternative
[23]. It is important to note, however, that although encouraging,
the majority of the currently available data on SLN mapping are
based on retrospective or prospective, uncontrolled studies in
whichsurgicaldecisionswerebasedonsurgeonpreferenceandnot
on a strict, predefined surgical protocol. Nevertheless, the data
were compellingenough that theNational ComprehensiveCancer
Network guidelines incorporated lymphatic mapping as a surgical
staging option in 2014 based on lower-level evidence (Fig. 6) [24].

Althougha lowFNR isneededtoconcludethatSLNmapping
can confidently replace complete pelvic and aortic lymphade-
nectomy, the controversy surrounding the role of pelvic and

aortic lymphadenectomy in endometrial cancer has allowed
lymphaticmapping to becomean acceptable alternative, even
in the absence of prospective data to calculate the FNR.

Evaluation of Aortic Nodes: Mandatory or Optional?
An integral part of the controversy regarding lymph node
evaluation in the surgical stagingofendometrial cancer relates
to theevaluationof aortic nodes [25].There is littledebate that
performing a complete aortic lymph node dissection to the
level of the renal veins will identify a significant proportion of
patients with aortic nodal metastases [26]. The question,
however, is whether identifying and removing these involved
nodes is associated with improved survival, either directly as
a result of their surgical removal or by allowing for a more
tailored adjuvant treatment [27].

For lymphaticmapping, the cervical siteof injection is themost
commonly used in published reports. The growing experience in
lymphatic mapping from different groups seems to indicate that
once a certain level of competency is achieved, a very high rate of
mapping can be achieved in the pelvis. However, mapping of the
aorticareahasbeenlesssuccessful.AlthoughSLNscanbeidentified
in the aortic area after a cervical injection, this is an infrequent
occurrence,notsurpassing5%[14].Asdiscussedearlier,thehighest
rates of mapping in the aortic area have been associated with
the hysteroscopic injection. At this time, however, this approach
has not gained popularity for the reasonsmentioned above.

The question then becomes whether there is value in
identifying SLNs in the pelvis if mapping of the aortic area is
suboptimal.This also can only be answeredwithin the broader
aspect of the role of aortic lymph node dissection in the
surgical staging of endometrial carcinoma. This is not the
subject of this article and, therefore, we will not review in
detail the evidence for or against aortic lymphadenectomybut
will limit the discussion to relevant points with regard to
lymphatic mapping. At this time, multiple retrospective and
prospective series have demonstrated that the incidence of
isolated aortic lymph nodemetastasis in the absence of pelvic
nodal metastasis is not greater than 5%, even among patients
with disease of high-risk histology [26, 28, 29]. In one of the

Figure 6. Memorial Sloan Kettering Cancer Center sentinel
lymph node algorithm [21]. Reprinted with permission from
Elsevier.

Abbreviations: LND, lymph node dissection; SLN, sentinel
lymph node.
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most detailed descriptions of the topographic distribution of
lymphnodemetastasis, researchers at theMayoClinic showed
that aortic nodal metastases, when present, are most com-
monly encountered above the inferior mesenteric artery when
the pelvic nodes are negative [30]. In other words, sampling
the lower aortic nodes (below the inferior mesenteric artery)
in these cases is less likely to identify nodal metastasis and
more likely to result in increased operative time and compli-
cations, with minimal clinical benefit.

The options for aortic nodal evaluation using lymphatic
mapping are largely provider dependent and do not necessar-
ily conflict with the incorporation of a lymphatic mapping
protocol. Specifically, in the absence of mapping in the high
aortic area (which current data seem to indicate is rare), the
surgeon can still perform an aortic lymph node dissection
regardless of mapping results in the pelvis. For surgeons who
routinely perform lower aortic nodal dissection, pelvicmapping
may be informative of both the pelvic and lower aortic nodal
basins, and may be an acceptable substitute. It is particularly
important to mention that current practice is already variable
regarding lymph node evaluation [31], and incorporating lym-
phatic mapping constitutes an additional option, similar to the
other surgical strategies.

Role of Ultrastaging
One of the potential advantages of lymphatic mapping is the
possibility of identifying low-volume metastasis by additional
serial sectioning and immunohistochemical staining (ultra-
staging) of the SLN. Low-volume metastases include micro-
metastases and isolated tumor cells (ITCs), similar to what has
beendescribed in thebreast cancer literature. Large series have
identified a significant percentage of low-volumemetastases in
SLNs submitted for ultrastaging, including in patients with low-
grade, early-stage endometrial cancer, a group in whom lymph
node dissection arguably could have been omitted [32].

At this time, the clinical significance of these low-volume
metastases is unknown, as is the optimal postsurgical treat-
ment when identified. Choosing to ignore them is difficult in
the absence of reassuring clinical data, and treating them as
macrometastasesmay submit thepatient to the complications
of adjuvant treatment unnecessarily, especially when these
low-volumemetastases are identified in low-risk patientswith
typically excellent outcomes. In 1 large retrospective cohort
study of 844 patients who underwent staging with SLN
mapping for endometrial cancer, 44 patients (5.2%) had low-
volumemetastasis;23 (2.7%)had ITCsalone,and21 (2.5%)had
micrometastases. Adjuvant treatment, including chemother-
apy, was given to greater than 80% of these patients and,
therefore, the authorswerenotable tocommenton thenatural
history of untreated low-volume nodal disease. However, the
3-year progression-free survival for patients with ITCs or
micrometastasis was 86%, compared with 71% for those with
macrometastasis (p, .001), suggesting that patients with low-
volumenodalmetastasismaybehaveasa“betternodepositive”
group [33]. It is imperative to evaluate this population pro-
spectively to further inform the discussion regarding adjuvant
therapy in this setting.Absentthis, treatmentdecisionsarebased
on the overall oncologic picture and other tumor factors after
patientcounseling.Pendingadditionalstudy,theauthorscurrently

recommend individualizing the adjuvant treatment of patients
with ITC node-positive disease.

APPLYING THE MSK ALGORITHM

ThealgorithmdevelopedatMSKallowsforasystematicapproach
to incorporating lymphatic mapping in the surgical staging of
endometrial cancer (Fig. 6). Following the algorithm decreases
the FNR. Key components to this algorithm are a contralateral
lymphadenectomy in casesof unilateralmappingand removal of
any suspicious nodes regardless of mapping; moreover, aortic
nodal evaluation is optional and based on surgeon preference
[22]. Additional modifications have been published, including a
frozen-sectionevaluationof theendometrium,whichwill further
decrease the number of patients submitted to unnecessary
lymph node dissections [23]. In this area too, it is important to
emphasize that thesealgorithmsarebasedon retrospectivedata
and need to be validated in prospective trials with patient
outcomes as the primary endpoint (see below) to solidify their
role in current clinical practice.

CURRENT UNANSWERED QUESTIONS: ROLE OF

PROSPECTIVE TRIALS

The popularity of lymphatic mapping is most certainly related
to the controversy surrounding the role of lymphnode evaluation
in endometrial carcinoma. With the lack of prospective trials
demonstrating a survival benefit for extensive lymphadenecto-
mies, the rise of the minimally invasive surgical approach
(laparoscopic or robotically assisted), the increasing availability of
novel near-IR imaging technologies, and an increased focus on
decreasingsurgicalmorbidity, it isnotsurprisingtoseethatthe last
few years have witnessed a decrease in the frequency of lymph
node dissection in the management of endometrial cancer [34].
Criticsof lymphaticmapping frequentlyput forward theargument
that there are no controlled data demonstrating an acceptable
low FNR for SLNs, especially in the aortic area. However, it is
noteworthy to emphasize that the same may be said about
systematicpelvic andaortic lymphnodedissection; todate, there
are no prospective trials demonstrating its survival benefit.

With the lack of prospective trials demonstrating a
survival benefit for extensive lymphadenectomies,
the rise of the minimally invasive surgical approach
(laparoscopic or robotically assisted), the increasing
availabilityof novel near-IR imaging technologies, and
an increased focus ondecreasing surgicalmorbidity, it
is not surprising to see that the last few years have
witnessed a decrease in the frequency of lymph node
dissection in themanagement of endometrial cancer.

Therefore, the main question is not whether lymphatic
mapping can replace standard lymphadenectomy templates
(pelvic and aortic) but rather which approach is associated with
the most useful information to guide adjuvant therapy, at the
lowest cost of surgical morbidity, and ideally associated with the
bestsurvival.Undoubtedly,asourunderstandingoftumorbiology
and molecular drivers increases, the classification and risk
stratification of uterine malignancy will continue to evolve, and
adjuvant therapy may become guided by uterine and tumoral
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factors. Will there be any fundamental role for lymph node
evaluation if adjuvant treatment decisions can be completely
derived fromtheprimary tumorcharacteristics in theuterus?This
remains to be determined. Prospective controlled trials are
needed to address these questions. At this time, several ongoing
trials are evaluating the predictive values of SLNs correlated with
systematic pelvic and aortic lymphadenectomies, the role of
metastasis detected by ultrastaging, and the role of 18F-
fluorodeoxyglucose imaging indetecting SLNs.Theseprospective
trials should add to the current single-institution series that have
conclusively demonstrated the feasibility of SLN mapping in
uterine carcinoma.Until then, lymphaticmapping is a reasonable
surgical staging strategy that seems to maximize the likelihood
of identifying pelvic lymph node metastasis while having the
potential to decrease the surgical morbidity associated with
complete pelvic and aortic lymphadenectomy.
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