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Abstract

Endometrial cancer (EC) is one of the three major malignant tumors of the
female reproductive system in developed countries. In recent years, the inci-
dence of EC ranks first in gynecological malignancy and the mainstay of
treatment is Surgery. Although EC has a high prevalence, its several features
associated with management are still unclear. Endometrial cancer lymph
node status is the most important predictor of survival and also guides post-
operative treatment planning but in gynecologic oncology, lymphadenecto-
my, as a part of initial surgical management remains controversial. The cur-
rent introduction of sentinel lymph node mapping in EC patients represents a
midway between the execution and omission of node dissection. Sentinel
lymph node (SLN) mapping has emerged as an alternative staging strategy
hence, the role of SLN mapping is currently being evaluated prospectively in
several centers. The objective of this review is to provide an update of the
emerging role of sentinel node mapping in EC. In this review, we discussed
how several different techniques, type of tracers utilized and injection sites
has been described and used for lymphatic mapping in EC impacting on sen-
tinel lymph node detection rates. In addition, we also discussed another
evolving field in EC staging ie. interpretation of pathologic ultra staging of
SLN, which can identify low volume metastasis for which the clinical signi-
ficance and ideal management remain uncertain. Future perspective regard-
ing EC management is also discussed in this review.
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1. Introduction of EC

Endometrial cancer (EC) represents one of the most common gynecological ma-
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lignancies in developed countries with estimated incidence of approximately
63,000 newly diagnosed EC cases in 2018, in United States [1]. According to the
data from US statistics, its incidence has increased of more than 23,000 newly
diagnosed cases/year in last decade [2]. Several features of EC are fully investi-
gated due to the high prevalence of this malignancy. Clear guidelines recom-
mend several types of preoperative workup, surgical as well adjuvant treatments
[3]. However, we should admit that few aspects of its management are yet to be
clear. Specifically, data, which support the execution of retroperitoneal staging,
are discordant [4]. Recent guidelines suggested that surgical procedure should
include evaluation of the pelvic and para-aortic nodes [4] [5] [6].

Data on the therapeutic value of lymphadenectomy are inconsistent, thus hig-
hlighting the unmet need for this problem. Several large and well-conducted re-
trospective studies showed the potential benefits of lymphadenectomy in EC [7]
[8]. However, two independent randomized trials emphasizing the role of lym-
phadenectomy in EC report that the implementation of lymphadenectomy in-
creases patient morbidity and worsens perioperative outcome without affecting
long-term outcomes [9] [10]. The ASTEC trial and Italian trial by Benedetti Pa-
nici et al [9] include more than 1900 patients randomized to undergo hyste-
rectomy and bilateral salpingo-oophorectomy (BSO) plus lymphadenectomy vs.
hysterectomy and BSO alone. The cumulative results of these studies showed
that lymphadenectomy did not improve disease-free survival (pooled hazard ra-
tio [HR] = 1.23; 95% confidence interval [CI] = 0.96 - 1.58) and overall survival
[(pooled HR = 1.07; 95% CI) = 0.81 - 1.43] [11].

According to results of the SEPAL trial, the para-aortic lymphadenectomy has
no effect on low-risk EC, but it improves the prognosis of patients with mod-
erate-to-high-risk disease [International Federation of Obstetrics and Gynecol-
ogy (FIGO)] Grade 1 and 2 tumors limited to the inner half of the myometrium
with lymphovascular space invasion, FIGO grade 3 and/or non-endometrioid
stage IA and IB tumor, stage IC. However, SEPAL studies also have some limita-
tions: 1) retrospective study design, 2) low prevalence of non-endometrioid EC,
and 3) relative median young age of the study population [12]. Overall, this am-
biguity represents a background for changing EC treatment. In fact, the use of
sentinel lymph node mapping represents the most important and innovative
change in EC surgical treatment in recent decades.

In this review, our aim is to discuss: 1) the introduction of sentinel lymph
node mapping in the EC, 2) how the detection rate is affected by various tracers
and injection sites, and 3) the use of sentinel lymph node mapping in minimally
invasive surgery, 4) Comparison of morbidity and oncology results with total
lymphadenectomy; 5) Discussion of the effects of ultrastaging and the valence of

micrometastases and isolated tumor cells detected in sentinel lymph nodes.

2. Methods

All the published series of SLN mapping in EC were searched through various
database e.g. PubMed, web of science, Cochrane from 2010 to 2019 using key-
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words such as Endometrial cancer, Sentinel Lymph Node (SLN) mapping alone
and in combination of SLN mapping with various tracers, injection site and sur-
gical technique. Additionally, above-mentioned database were also searched for
ultrastaging. Only relevant articles were included in this review article. The ar-
ticles other than English language, letters, comments, and conference proceed-
ings were excluded for this topic. The corresponding articles listed in the refer-
ence section were also carefully reviewed and the relevant literature was
searched. Finally, through the keywords mentioned above, about 5 articles were
related to our topic and were selected for this review (Figure 1).

Sentinel lymph node (SLN) mapping in the EC:

An image-guided surgical procedure in SLN mapping is being increasingly
accepted in staging of apparent uterine confined endometrial cancer [13]. Gould
coined discovered the term sentinel lymph node in 1960 with his observation of
parotid gland cancer [14]. In 1977, Cabanas, an urologist working in Paraguay,
worked as a surgical researcher at MSKCC, used lymphography and color dyes
to explain the lymphatic drainage of the penis establishing the first clinical re-
port of SLN in men with penile cancer [15]. Burke introduced the concept of
SLN mapping in endometrial cancer from the MD Anderson Cancer Center in
1996 that reported 15 women undergoing open abdominal surgical mapping of
lymph nodes [16]. 1 ml blue dye was injected in the subserosal myometrium in
three different uterine sites: 2 cm inferiorly on anterior and posterior wall of su-
perior midpoint of the fundus. Dye uptake was observed for 10 min in lymphatic
channels. Dye depositions into lymph nodes were seen in 10 cases (67%) and the
locations included 12 Microscopic nodal metastasis to sentinel nodes was found
in 2 out of 4 women confirmed with lymphatic spread [16], but the initial results
were not encouraging, and the concept has only recently gained popularity with
the establishment of cervical injection techniques and the standardization of

SLN mapping procedures by surgical algorithms [17] [18] [19].

Figure 1. Flowchart showing the study inclusion.
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SLN mapping Algorithm: Reducing the incidence of surgery is an important
value for SLN mapping, but the first priority when selecting this technique re-
mains identifying all patients with lymph node metastasis. Surgeon’s experience
and adherence to the SLN algorithm is the key factors for successful SLN map-
ping procedures, which was published in 2012 and has been included in the Na-
tional Comprehensive Cancer Network (NCCN) guidelines since 2014 [19]
[20]. With this in mind, the MSKCC team designed an algorithm for SLN map-
ping for cervical and endometrial cancer [20] [21]. The algorithm requires a
complete lymph node dissection on each hemi-pelvis with a failure to map SLN,
all suspicious lymph nodes and peritoneal lesions and meticulous ultrastaging
of SLNs. The false negative rate is in the range of 2% after applying this algo-
rithm [21].

One of the cornerstone papers on the role of sentinel node mapping in EC,
was published by the Memorial Sloan Kettering Cancer Center group [22]. In
2012, Barlin et al [20], reported prospective data of patients having lymphatic
mapping for EC. The Memorial Sloan Kettering Cancer Center (MSKCC) SLN
algorithm (Figure 2) is similar to a surgical checklist, which is used to ensure
standardization and reduction of the false negative rate of mapping. The algo-
rithm considers the bilateral nature of pelvic lymph node anatomy and the pos-
sibility of severe peritoneal or retroperitoneal disease, which has recently been
validated by several investigators and has good reproducibility with low false
negative rates [20] [22] [23] [24]. Acceptable SLN detection rates vary among
practice, but detection rates of 80% to 90% or higher are preferred [25].
Khoury-Collado and colleagues reported 115 patients with endometrial cancer
treated in-between September 2005-March 2009. The overall detection rate was
85%. However, in the early stages of the study (September 2005 to December
2007), 50 of the 64 cases (78%) were identified as SLNs, with two false negative
results, and in the later stages (2008 January to March 2009) out of 51 cases, 48
(94%) SLN's were identified with no false negative results. In both time periods,
the detection rate increased from 77% to 94% (p = 0.033), and surgeon expe-
rience (30 or more procedures) played an integral role [25] [26].

Ultimately, the National Comprehensive Cancer Network (NCCN) guidelines
approved the use of sentinel lymph node mapping algorithms in the EC, thus
making this method rapid and widespread in most clinical practice [19]. With
the increase in surgeon experience and the corresponding increase in detection
rates to 90% or higher, in addition to the reduction in false negative rates due to
adherence to the SLN algorithm, SLN mapping has become a globally accepted
practice for many as a standard of care.

SLN mapping techniques:

Tracer used: Various tracers have been evaluated for sentinel lymph node
mapping in EC patients. They are: 1) blue dyes (methylene, isosulfan and patent
blue), 2) technetium-99 radiocolloid (Tc-99m), and 3) indocyanine green (IGC).

The blue dyes are injected into the interstitial space where they bind to serum

proteins and are then absorbed by the lymphatics. No requirement of dedication
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Excision of all mapped 888 Any suspicious nodes must
SLNs be removed regardless of
with ultrastaging mapping

If there is no mapping on hemipelvis , a side-specific
LND is performed

Para aortic LND —
at discretion of attending surgeon

Figure 2. Sentinel lymph node (SLN) mapping algo-
rithm. ZND, Lymph node dissection.

and expensive equipments are the main advantage of using blue tracers [27]. Com-
plications of blue dye are rare, mostly consisting of allergic reactions. Mont-
gomery and colleagues reported that in 2392 breast cancer patients, who under-
went SLN mapping procedures, the incidence of allergies was 1.6% and the inci-
dence of antihypertensive reactions was 0.5% [28].

Tc-99m is usually injected in a radiological protected setting the day before
prior to surgery. The half-life of Tc-99m is about 6 hours. A gamma probe is re-
quired to detect the signal emitted by the Tc-99m and the detection is based on
the audiometry signal (no color is visualized).

However, single photon emission computed tomography (SPECT-CT) execu-
tion might be helpful for obtaining more accurate information about the loca-
tion of sentinel nodes. Elisei et al. [29], observed that the SPECT-CT execution is
not only associated with a highest detection rate but also with bilateral mapping
when compared with audiometric signal only [29]. Tc99 is not preferred because
it is expensive, causes patient discomfort, and is inconvenient. Tc99 injected
Intraoperative that has been reported, which is not feasible at all institutions and
also introduces an added expense [30].

Indocyanine green (ICG) recently emerged as an excellent dye for SLN map-
ping. The 25-mg dry powder is mixed in 20 mL of sterile water in the operating
room, and 2 to 4 mL is injected directly into the cervix similarly as blue dye. The
ICG consists of small particles that show fluorescence after being visualized by
near-infrared light (range 700 - 900 nm). To visualize the drainage of ICG into
the lymphatics a dedicated optical system is required. The main contraindication
is allergy to iodine. Recently published reports confirm that ICG with near-infrared

fluorescence can result in higher overall and bilateral detection rates of SLNs
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endometrial cancer patients as compared to blue dye. In general, no matter which
dye is used, successful mapping decreases with an increase in body mass index
(BMI), but compared to the blue dye, the use of ICG can significantly improve.
Based on these reports, most current gynecologic oncologists recommend ICG
for endometrial cancer patients, especially obese patients [31] [32] [33].

The effectiveness of various tracers in terms of detection rates and bilateral
mapping are compared by several studies [27] [31] [34]. Overall, these studies
suggest that ICGs have higher overall and bilateral detection rates than other
methods (even if they Combine [Tc-99m plus blue dye]). In addition, when ICG
is used as a tracer, the detrimental effects of body mass index (BMI) in sentinel
lymph node mapping are diminished [27] [31] [34]. In fact, although the accu-
mulated data emphasizes that the increase in BMI will reduce the detection rate
of sentinel lymph nodes, the fluorescence signal observed with ICG may over-
come the shielding effect of adipose tissue on colorimetric signals [27] [31] [34].
Two independent studies published by Tanner et al [35] and Eriksson et al. [31]
proposed that, when using ICG, increased BMI has the detrimental effect on the
detection and better visualization of sentinel lymph nodes in comparison to blue
dye. The current studies agree that ICG has better safety profile than to Tc-99m
(a radioactive drug) and blue dyes (reporting various adverse events, including
skin necrosis) [28]. Based on this evidence, ICG is currently the preferred imag-
ing dye at many institutions, particularly those with robotic and laparoscopic
technique despite of its high cost. However, blue dye cervical injection is a
“low-cost”, safe and satisfactory alternative to the uterine drainage of sentinel
lymph nodes.

Injection sites: Several studies have studied the best injection site for EC pa-
tients but not established yet. Three different types of SLN mapping techniques
have been studied based on site of injection: 1) uterine subserosal, 2) cervical
and 3) endometrial, by means of hysteroscopy. Cormier et al, compared data of
1102 and 300 patients having cervical and corporal injection, in a systematic re-
view on sentinel node mapping, respectively [36]. The overall detection rate after
cervical injection and corporal injection ranged between 62% - 100% and 73% -
95% respectively. Para-aortic node mapping was observed in 39%, 2%, and 17%
of patients having corporal, usual cervical and deeper cervical injection, respec-
tively [36] [37].

Hysteroscopic injections are generally considered challenging. Kang and col-
leagues reported in a large meta-analysis that a decrease in detection rates when
the cervical method was not used and also suggested avoiding “subserosal injec-
tion only” technique due to decreased sensitivity [30]. Cervical injection is simpler
and wastes less time than other corporal injection methods. The multicentric
sentinel node in endometrial cancer (SNEC) trial randomized patients to have
cervical vs. hysteroscopic injection of ICG. Primary endpoint measures are de-
tection rate into the para-aortic area and bilateral mapping into the pelvis, whe-
reas, Secondary endpoint measure included operative time, surgery-related com-

plications as well as survival outcomes [37]. Although hysteroscopic injection
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ensures more accurate visualization of tumor lymphatic drainage, cervical injec-
tion is simpler and less demanding than hysteroscopic procedure. In fact, the
ease of use of the system is very essential in the actual operation and its wide-
spread adoption.

Minimal invasive surgery: Minimally invasive surgery is increasingly used in
EC staging, which has led to the growing popularity of sentinel lymph node
mapping techniques. The use of innovative laparoscopic and robotic assisted
system that includes software for identifying sentinel nodes represents one of the
main advantages of this field [35]. The use of minimally invasive techniques
(such as laparoscopy) not only cleaned up surgery, reduce postoperative mor-
bidity and improve the quality of life of patients, but its direct vision and high
magnification lens can also magnified by 10 - 20 times so that researchers can
dynamically observe the drainage of tracer in regional lymph nodes and accu-
rately distinguish the stained lymph nodes. Recently, Rossi and colleagues pub-
lished the results of the FIRES trial confirming these results [38]. The FIRES trial
is a multicenter, prospective cohort study that focuses 385 patients with signifi-
cant stage I EC undergoing robotic-assisted surgery and had hysterectomy along
with sentinel lymph node mapping followed by pelvic (with or without) pa-
ra-aortic lymphadenectomy [38]. At least one sentinel lymph node mapping was
observed in 86% of cases. 41 patients were identified with positive lymph nodes
(among them 36 patients had at least one mapped lymph node). Nodal metasta-
sis was identified into sentinel nodes in 35 cases (97%) of the latter group of pa-
tients. Based on these numbers, the sensitivity of detecting lymph node-positive
disease is 97.2%, and the negative predictive value is 99.6% [38]. Soliman re-
ported the overall SLN detection rate and bilateral detection rate was 89% and
58% respectively [39]. This was in line with a recent meta-analysis by Smith et
al, which reported an overall detection rate and a bilateral detection rate of 81%
and 50% respectively when compiling data from 55 published studies on EC SLN
mapping [40].

Therefore, sentinel lymph node mapping was observed to be very effective in
minimally invasive surgery hence, rapidly becoming the gold standard method
for identifying sentinel lymph nodes due to the spectacular view of the laparos-
cope and the innovative technological system that can visualize various concen-
trations of the tracer.

Comparison of morbidity and oncology results with total lymphade-
nectomy:

The implementation of Sentinel lymph node mapping rather than full lym-
phadenectomy (pelvic + para-aortic) reduces the incidence of perioperative
complications [41]. In fact, some perioperative events including lymphat-
ic-specific complications are lymphoedema, lymphorrhea, and lymphoceles. Al-
though the introduction of minimally invasive surgery has greatly reduced the
incidence of lymphatic complications but they still appear as a major health

problems for patients with lymph node dissection [42] [43]. Geppert et al [43]
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compared the perioperative outcomes of patients undergoing hysterectomy
alone vs. hysterectomy plus sentinel nodes and hysterectomy plus total lympha-
denectomy. They observed, the additional average surgery time for removal of
sentinel lymph nodes and full lymphadenectomy was 33 minutes and 91 minutes
respectively. The prevalence of lymphedema in the legs was significantly lower
after sentinel lymph node mapping as compared to full lymphadenectomy (1.3%
vs. 18.1%; p < 0.001) [43]. As mentioned earlier, the FIRES test reports sentinel
lymph node mapping sensitivity is higher than 95% [38]. Recently, 2 compara-
tive studies were conducted between two referral centers, the Mayo Clinic
(Rochester, MN, USA) and the Memorial Sloan Kettering Cancer Center (New
York, USA) [41] [44]. These centers conducted 2 excellent approaches in
low-risk EC patients (with endometrioid histology and limited myometrial in-
volvement). At the Memorial Sloan Kettering Cancer Center, uses a sentinel
lymph node localization algorithm (described above). At the Mayo Clinic, total
pelvic and para-aortic lymphadenectomy was performed in specific cases consi-
dered to have a risk of nodal metastasis (FIGO grade 3 and/or primary tumor
diameter > 2 cm) [44]. Increasing evidence indicated that sentinel lymph node
mapping does not affect the outcomes as compared to patients with full node
dissection [38] [44] [45]. Buda et al. confirmed data and reported higher preva-
lence of positive lymph nodes in-patient undergoing sentinel lymph node map-
ping as compared to conventional lymph node dissection group (16.7% and
7.3% of patients with positive pelvic lymph nodes, in sentinel node mapping and
lymphadenectomy groups respectively; p = 0.002) [46]. The accuracy of sentinel
lymph node mapping has been evaluated by multiple studies in identifying pa-
tients with lymphatic disease [46] [47] [48] [49].

Data were collected and evaluated for more than 1100 patients; 642 (57%) for
sentinel lymph node mapping and 493 (43%) for lymphadenectomy. Pelvic
lymph nodes were removed in 93% and 58% of patients respectively (p < 0.001);
para-aortic lymph node was removed in 14.5% and 50% of patients respectively
(p < 0.001). Pelvic lymph node metastases (including micrometastasis and iso-
lated tumor cells) were found in 5.1% and 2.6% of patients, respectively (p =
0.03), and metastasis rates in the para-aortic nodes were 0.8% and 1.0%, respec-
tively (p = 0.75). Survival rates were similar to the 3-year disease-free surviva-
Irate, i.e. 94.9% (95% CI = 92.4 - 97.5) and 96.8% (95% CI = 95.2 - 98.5), respec-
tively [49]. A similar comparison was conducted by 2 Italian institutions [50].
The median follow-up time was shorter than 3 years, and the authors reported
no difference in recurrence and mortality between the groups. However, the re-
trospective nature and limited follow-up periods of these studies limits the value
of these findings and therefore requiring further prospective assessment.

Sentinel lymph node mapping has similar oncological outcomes than standard
lymphadenectomy and patients who perform sentinel lymph node mapping may
benefit from more accurate detection of lymph node metastasis. In fact, sentinel
lymph node mapping improves diagnostic ability in detecting diseases residing

in lymph nodes as compared to lymphadenectomy improving the detection of
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extra-uterine diseases, which may drive the choice of adjuvant therapy to im-
prove oncological outcomes.

Ultrastaging, macrometastasis, micrometastasis and isolated tumor cells:

The proper pathological ultrastaging is an essential part when introducing the
sentinel lymph node mapping process into practice. In fact, pathology protocols
include H&E and immunohistochemical staining, as described by the American
Joint Committee on Cancer (AJCC) in the breast cancer medical literature, sen-
tinel lymph node mapping carrying diagnosis of low volume diseases: microme-
tastasis and isolated tumor cells [51]. All resected nodules were routinely stained
with hematoxylin and eosin (H & E). If lymph node disease is detected, no fur-
ther treatment is required. If the initial H & E staining is negative for the lymph
nodes, the SLN will experience an overdue period. Using immunohistochemical
(IHC) stains that perform AE1l: AE3 and H & E stains, sections 50 pm apart can
be obtained. Macrometastasis is defined as the tumor cells in clusters and/or
lymph nodes larger than 2 mm; the micrometastases are microscopic clusters
and single cells measuring between >0.2 mm to <2 mm; the isolated tumor cells
are microscopic clusters, and single cells < 0.2 mm. In various studies on this is-
sue, the presence of small-volume lymphatic diseases ranges from 25% to 63%
[38] [50] [51] [52]. Recently, Plante ef al. [49] a total of 519 patients with senti-
nel lymph node mapping was evaluated, of which 85 were diagnosed with lym-
phatic disease. 43 (51%), 11 (13%) and 31 (36%) patients were detected macro-
metastasis, micrometastasis and isolated tumor cells respectively. Plant et al re-
ported that the 3-year progression-free survival rate of patients with isolated
tumor cells (95.5%) was similar to that observed in node negative patients
(87.6%) and micrometastatic patients (85.5%), but was statistically different as
Compared to patients with macrometastases (58.5%) [50]. The authors conclude
that patients with isolated tumors cells should not have adjuvant therapy based
solely on lymph node status, but the selection of adjuvant therapy should be ad-
justed according to uterine factors (e.g. histology, myometrial invasion) [50].
Preliminary data suggested that patients treated with isolated tumor cells re-
ceiving adjuvant therapy, including chemotherapy, are as effective as patients
with node-negative disease. However, studies on the isolated tumor cells and
long-term follow-up of untreated observational cohort tumor cells are lacking
[51].

However, we must point out that the difference in adjuvant therapy may affect
the results obtained by the authors, thus highlighting the need for further pros-
pective trials of this issue. More evidence is needed due to the lack of mature da-

ta on the role of low-volume lymphatic diseases.

3. Conclusion

In this review, the role of sentinel node mapping in comparison to lymphade-
nectomy was investigated highlighting the safety and effectiveness of sentinel
node mapping during endometrial cancer staging procedures that were sup-

ported by large amounts of data and the credit goes to pathological ultrastaging
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due to which sentinel lymph node mapping can detect more cases of lymphatic
disease than conventional lymphadenectomy. The adoption of sentinel lymph
node mapping improves the ability to identify patients with disease harboring in
the lymph nodes, thus allow tailoring the adjuvant treatments. Sentinel lymph
node mapping has successfully identified lymph node metastases in most women
with endometrial cancer, with high sensitivity for the detection of lymphatic
metastases. We must overcome the problems associated with false negative rates
as the sentinel node mapping has a high diagnostic value. Paradoxically, due to
the detection of isolated tumor cells, sentinel lymph node mapping may deter-
minate overt treatment, whereas conventional staging procedure cannot detect
it. Further evidence focusing on the role, benefits and pitfalls of SLN mapping
are warranted. Moreover, owing to the low levels of evidence of the included
studies, prospective randomized studies are needed in order to weight pros and
cons of the wide spread adoption of sentinel node mapping during endometrial
cancer staging procedures. Personalized medicine and molecular characteriza-

tion will represent the future in the management of EC patient.
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