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ABSTRACT

The role of lymphadenectomy in surgical staging remains one

of the biggest controversies in the management of endome-

trial cancer. The concept of sentinel lymph node biopsy in en-

dometrial cancer has been evaluated for a number of years,

with promising sensitivity rates and negative predictive values.

The possibility of adequate staging while avoiding systematic

lymphadenectomy leads to a significant reduction in the rate

of peri- and postoperative morbidity. Nevertheless, the status

of sentinel lymph node biopsy in endometrial cancer has not

yet been fully elucidated and is variously assessed internation-

ally. According to current European guidelines and recommen-

dations, sentinel lymph node biopsy in endometrial cancer

should be performed only in the context of clinical studies. In

this review article, the developments of the past decade are

explored concisely. In addition, current data regarding the

technical aspects, accuracy and prognostic relevance of senti-

nel lymph node biopsy are explained and evaluated critically.

ZUSAMMENFASSUNG

Eine der größten Kontroversen im Management des Endome-

triumkarzinoms bleibt die Rolle der Lymphonodektomie im

Rahmen des operativen Stagings. Das Konzept des Sentinel-

lymphknoten-Verfahrens beim Endometriumkarzinom wird

bereits seit mehreren Jahren evaluiert – mit vielversprechen-

den Sensitivitätsraten und negativen Vorhersagewerten. Die

Möglichkeit des adäquaten Stagings unter Verzicht auf eine

systematische Lymphonodektomie führt zu einer wesentli-

chen Reduktion der peri- und postoperativen Morbiditätsrate.

Dennoch ist der Stellenwert der Sentinellymphonodektomie

beim Endometriumkarzinom bislang noch nicht gänzlich ge-

klärt und wird international unterschiedlich bewertet. Gemäß

den geltenden europäischen Leitlinien und Empfehlungen

sollte die Sentinellymphonodektomie beim Endometriumkar-

zinom nur im Rahmen von klinischen Studien durchgeführt

werden. Im Rahmen dieser Übersichtsarbeit werden die Ent-

wicklungen der letzten Dekade prägnant erläutert. Des Wei-

teren wird die aktuelle Datenlage hinsichtlich technischer

Aspekte, Genauigkeit und prognostischer Relevanz der Senti-

nellymphonodektomie erläutert und kritisch bewertet.
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Introduction
Endometrial cancer is the fifth most frequent cancer in women
and the commonest cancer of the female reproductive organs in
developed countries; an incidence of 11200 cases of endometrial
cancer was predicted for 2020 in Germany [1]. About 70% of the
cancers are diagnosed at FIGO (Fédération Internationale de Gy-
nécologie et dʼObstétrique) stage I; lymphatic metastasis defines
advanced disease and can also occur at an early local stage (e.g.,
pT1a) [1, 2]. In 1988, the FIGO introduced the concept of surgical
staging of endometrial cancer to provide reliable information
about the pathological morphology of the primary tumour and
lymph node status, as well as the resulting prognosis and possible
indication for adjuvant therapy [3]. In 2009 the FIGO staging sys-
tem for endometrial cancer was revised, in an attempt to further
optimise and develop the staging system [3].

The role of lymphadenectomy as part of surgical staging re-
mains one of the major controversies in the management of en-
dometrial cancer. The concept of sentinel lymph node biopsy in
endometrial cancer has been evaluated for a number of years,
with promising rates of sensitivity and negative predictive values
[4]. The possibility of adequate staging while avoiding systematic
lymphadenectomy (SLNE) leads to a significant reduction in the
rate of peri- and postoperative morbidity. Nevertheless, the status
of sentinel lymph node biopsy (SLN) in endometrial cancer has not
yet been fully elucidated and is variously assessed internationally
[5–9]. A recent international survey of 489 physicians specialising
in gynaecological oncology showed that SLN in endometrial can-
cer was already implemented by 50.3% of those surveyed from
Europe and by 69.5% of those surveyed from USA [9].

The current S3 guideline of the German Cancer Society (DKG)/
German Cancer Aid (DKH)/Working Group of Scientific Medical
Societies (AWMF) recommends that “sentinel lymph node biopsy
alone should be performed in endometrial cancer only in the con-
text of controlled studies” [5–7]. The consensus recommenda-
tion of the European Society Medical of Oncology (ESMO), the
European Society of Gynaecologic Oncology (ESGO) and the Euro-
pean Society for Radiotherapy and Oncology (ESTRO) likewise as-
sesses SLN as an experimental procedure [10]. By contrast, SLN is
evaluated in the recommendations of the National Comprehen-
sive Cancer Network (NCCN) as a selective and tailored procedure
to avoid overtreatment as compared with SLNE [8].

This article will provide a concise overview of the current status
of SLN in the context of surgical staging of endometrial cancer and
will consider historical, technical and prognostic aspects.
The Role of Systematic Lymphadenectomy
in the Context of Surgical Staging

In recent decades, the staging concept in endometrial cancer has
developed steadily, with a switch in 1988 from clinical staging to
surgical staging [3]. Although very many advances were achieved
recently in the surgical management of endometrial cancer, which
has led to a reduction in morbidity, only surgical staging can cur-
rently deliver precise information about possible intra-abdominal
tumour spread, confirmation or exclusion of lymph node metasta-
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ses and possible involvement of neighbouring organs [11]. At all
stages of endometrial cancer, the probability of lymph node me-
tastasis is approximately 15% [12]. The value of identifying af-
fected lymph nodes became particularly relevant when it was
shown that the use of systemic therapy leads to an improvement
in survival in patients with advanced endometrial cancer when
compared with radiotherapy [12,13].

Different studies investigated the effect and benefit of SLNE
with regard to survival of patients with endometrial cancer, but
these included only two prospective randomised studies. In the
study by Benedetti Panici et al., patients with preoperative FIGO
(1988) stage I were randomised to a SLNE arm and a control arm
without SLNE [14]. More precise staging was achieved in the SLNE
arm because significantly more patients with lymph node metas-
tases were found than in the group without SLNE (13.3 vs. 3.2%)
[14]. However, an improvement in disease-free or overall survival
due to the SLNE was not found [14]. The ASTEC study likewise in-
vestigated the influence of SLNE on the survival rate of patients
with preoperative FIGO (1988) stage I endometrial cancer [15].
The authors found that there is no advantage for disease-free or
overall survival in favour of performing SLNE and concluded that
pelvic SLNE cannot be recommended as a routine procedure for
the treatment of patients with early-stage endometrial cancer
[15]. Three retrospective studies in low-risk patients with FIGO
stage I (G1 and G2, as well as endometrioid histology and tumour
diameter < 2 cm) found excellent overall survival when SLNE was
omitted [16–18]. An analysis of the SEER database of over
50000 patients with endometrial cancer arrived at similar results
[19].

In contrast to patients with low-risk endometrial cancer, pa-
tients with intermediate- and high-risk endometrial cancer could
benefit from SLNE [10]. In the SEPAL study, the influence of para-
aortic SLNE in addition to pelvic SLNE in patients with intermedi-
ate- and high-risk endometrial cancer was investigated for onco-
logical outcome [20]. Patients who had had pelvic and para-aortic
SLNE had significantly better survival compared with patients who
underwent pelvic SLNE only [20].
The Real-World Problem of Risk-Adapted
Indication for Systematic Lymphadenectomy

Based on the available results, clinical practice to date and the cur-
rent European guidelines and consensus recommendations
(DKG‑DKH-AWMF, ESMO-ESGO-ESTRO) follow a risk-adapted indi-
cation for SLNE; uterine risk factors for lymph node metastasis and
prognosis determine whether SLNE is indicated (high-risk group)
or not (low-risk group) [5,10]. For patients with intermediate-risk
endometrial cancer (e.g. pT1a, G3, pT1b, G1/2) there is a more or
less problematic “can be considered” recommendation [5,10].
This risk-adapted concept can show numerous limitations: the ex-
isting risk of over- or undertreatment of patients; the uterine risk
factors can only be determined accurately from the final speci-
men; no evidence for a survival advantage for SLNE in prospective
randomised studies; the systematic surgery and quality of the
SLNE cannot be judged objectively in the absence of stan-
dardisation; the molecular pathology risk profile of the endome-
563or(s).



▶ Fig. 1 Appearance of the lymphatic vessels and of the sentinel
lymph nodes dyed with patent blue after opening the left pelvic

GebFra Science | Review
trial cancer for the indication for adjuvant therapy is not consid-
ered due to the lack of prospective study data.

As regards morbidity in patients with endometrial cancer in
whom SLNE was performed, numerous studies describe a signifi-
cantly increased incidence of both early and late postoperative
complications (e.g., development of lymphoedema, neuropathy)
[{21.22}]. On the other hand, omitting SLNE in patients with en-
dometrial cancer does not lead to a complete reduction in peri-
and postoperative morbidity due to the fact that there is an in-
crease in the probability that adjuvant therapy (systemic therapy,
radiation) will be indicated, with a potential for side effects 11].

The SLN procedure could thus represent a compromise be-
tween omission of SLNE (undertreatment of the small percentage
of patients with positive lymph nodes) and performing SLNE
(overtreatment of patients without lymph node metastases).
retroperitoneum. a = sentinel lymph node and lymphatic drainage
route; b = external iliac artery; c = external iliac vein; d = lateral
umbilical ligament; e = obturator nerve.
The Sentinel Lymph Node Concept

in Endometrial Cancer

The sentinel lymph node concept as part of oncological proce-
dures was first introduced in 1977 by Cabanas for penile cancer
[23]. Subsequently established in studies for breast cancer, mela-
noma and vulvar cancer and now used routinely, it is possible in
the same way to identify a sentinel node region within the primary
lymphatic drainage area of an endometrial cancer through tracer
and/or dye uptake and to remove this after intraoperative localisa-
tion by gamma probes and/or direct visualisation (▶ Fig. 1) [11,
24]. The detection rate of sentinel lymph nodes in endometrial
cancer is dependent on several anatomical and technical factors:
site of injection, injection volume and concentration of the sub-
stance as well as type of injected substance: radioactive tracer,
fluorescent/blue dyes (e.g. indocyanine green [ICG], isosulfan
blue, methylene blue, patent blue) and the visualisation tech-
niques used to display, localise and identify the SLN (direct visu-
alisation, gamma probe lymphoscintigraphy, single photon emis-
sion computed tomography [SPECT‑CT]) [24,25].
Technical Aspects of Sentinel Lymph Node
Biopsy: Injection Site and Method

The method-related questions as regards the injection site used
for the SLN technique are a particular feature of endometrial can-
cer and are accordingly more challenging when SLN is introduced
and used than in the case of focal neoplasms with direct lymphat-
ic drainage, such as breast cancer and vulvar cancer. Three injec-
tion sites have been described for lymphatic mapping of endome-
trial cancer: subserous/myometrial injection into the uterine fun-
dus, hysteroscopy-guided peritumoural injection into the endo-
metrium, and injection into the cervix/isthmocervical injection
[26–28].

The fundal, subserous injection technique was used especially
with open staging operations and promoted in the early stages of
implementation of the sentinel lymph node technique [29]. The
most important arguments for the use of this injection technique
were the postulated proximity to the tumour and the idea that an
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exact illustration of the lymphatic drainage of the uterus can
thereby be achieved, especially in the para-aortic lymph node re-
gion [30]. The overall detection rates varied considerably in these
studies, however (between 0–92%), and an increase in the num-
ber of injection sites enabled a higher overall detection rate [29,
31–33]. Moreover, in the last two decades there has been a shift
in endometrial cancer staging surgery to minimally invasive pro-
cedures so fundal injection to detect the sentinel lymph nodes re-
ceded increasingly into the background.

The technique of hysteroscopy-guided injection of the radioac-
tive marker to detect the sentinel lymph node has already been
analysed in a number of studies. Detection rates of 30 to 100%
have been described (▶ Fig. 2, Table 1) [26,34–37]. The detec-
tion rates in the para-aortic lymph node region are higher for the
hysteroscopic injection technique compared with cervical injec-
tion (▶ Table 1). Nevertheless, peritumoural hysteroscopic injec-
tion appears to have lower and less consistent overall detection
rates compared with cervical injection (▶ Table 1) [11].

Detection rates with cervical injection of the tracer/dye are be-
tween 70–100% (▶ Tables 1 and 2). Ballester et al. used a combi-
nation of Tc99m colloid (injection in the cervical stroma at 3, 6, 9
and 12 oʼclock) and patent blue (injection in the cervical stroma at
3 and 9 oʼclock) and found a detection rate of 89% [2]. Using a
similar technique (Tc99m colloid injections at 3 and 9 oʼclock,
patent blue injections at 3 and 9 oʼclock) Abu-Rustum et al. found
a detection rate of 86% [38]. Different lymph drainage patterns of
cervical cancer and endometrial cancer could give rise to possible
concerns regarding the cervical form of injection, so it was initially
queried whether this form of injection can deliver reliable infor-
mation with regard to lymphatic drainage in endometrial cancer
[24]. However, Abu-Rustum et al. showed that additional injection
in the fundus cannot provide any higher detection rates [39].
Moreover, deep cervical injections (corresponding to the paracer-
vical and parametrial lymphatic drainage routes) using patent
blue immediately before hysterectomy demonstrate an adequate
course and the possibility of visualising the parauterine lymph
drainage routes, the area drained by the uterine vessels and thus
t al. Status of Sentinel… Geburtsh Frauenheilk 2021; 81: 562–573 | © 2021. The author(s).



▶ Table 1 Sentinel lymph node detection rates depending on the injection site (peritumoural/uterine fundus vs. cervix)/injection method
(hysteroscopic injection) (modified from [11]).

Study (year) n Tracer/dye Injection site/
injection method

Overall detection
rate (%)

Para-aortic
detection rate (%)

Perrone et al. (2008) [26] 17

23

Tc99 Peritumoural (HSC)

Cervix

 65

 70

18

 0

Rossi et al. (2013) [11] 17

20

ICG Peritumoural (HSC)

Cervix

 33

 82

71

75

Niikura et al. (2013) [34] 55

45

Patent blue + Tc99 Peritumoural (HSC)

Cervix

 78

 99

56

 0

Sawicki et al. 2015 [35] 82

82

Patent blue

Tc99

Fundus

Cervix

 74.4

 91.5

 9.8

 5

Sahbai et al. (2016) [36] 70

70

Patent blue + Tc99

Patent blue + Tc99

Peritumoural (HSC)

Cervix

 69

 83

60

38

Zuo et al. (2018) [37] 50

65

CNB Fundus

Cervix

 92

100

16

 7.6

ICG: indocyanine green, Tc99: technetium-99, HSC: hysteroscopic injection, CNB: carbon nanoparticles

▶ Fig. 2 Sentinel node method. a Surgical hysteroscopy with injection needle to deliver tracer, b Technetium99 (colourless tracer in the syringe).
the largest lymphatic drainage route of the uterus [24]. Although
there is still no general consensus regarding the optimal injection
site and injection method, cervical injection of the tracer/dye
leads to higher detection rates and is more consistently practica-
ble. After cervical injection to detect the sentinel lymph node,
however, special attention should also be paid to the para-aortic
region, especially in high-risk patients [11].
Technical Aspects of Sentinel Lymph Node
Biopsy: Which Tracer/Which Dye?

There have been numerous studies that examined different blue
dyes (isosulfan blue, methylene blue, patent blue), combinations
of blue dyes and radioactive tracers (especially technetium99m
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[Tc99m] nanocolloid) or ICG (fluorescent dye) for displaying the
sentinel lymph nodes in endometrial cancer [4, 11]. The blue dyes
are injected immediately before the start of the surgery and the
colour-marked lymph nodes and lymphatics are identified during
operation by direct visualisation. By contrast, sentinel lymph node
mapping and detection by a combined method using blue dye
and radioactive tracer require more complex coordination and
particular quality control at every step of the process.

Hysteroscopy-guided peritumoural (endometrium) or cervical
injection of the radioactive tracer (Tc99m nanocolloid) is ideally
done on the preoperative day and documented after 4–5 hours
using lymphoscintigraphy or single photon emission computed
tomography (SPECT‑CT) [36]. Additional intraoperative localisa-
tion of the labelled lymph nodes is performed through a gamma
manual probe [36]. Compared with lymphoscintigraphy,
565or(s).



▶ Table 2 Sentinel lymph node detection rates: overall and bilateral detection rates (modified and supplemented from [11]).

Study (year) n Injection
site

Tracer/dye (combination) Overall detection
rate (%)

Bilateral detection
rate (%)

Holloway et al. (2012) [45]  37 Cervix ICG

Patent blue

Patent blue + ICG

100

100

100

 97*

 77

100

Sinno et al. (2014) [46]  71 Cervix ICG

Patent blue

 92.1*

 72.7

 78.9*

 42.4

How et al. (2015) [47] 100 Cervix ICG

Patent blue

Tc99

 87*

 71

 88

 65*

 43

 71

Buda et al. (2016) [48] 163 Cervix ICG

Tc99 + patent blue

Patent blue

100

 97

 89

 85*

 58

 54

Papadia et al. (2017) [49] 147

195

Cervix ICG

Patent blue + Tc99

 96.9

 97.3

 84.1*

 73.9

Eriksson et al. (2017) [50] 312

160

Cervix ICG

Patent blue

 95*

 81

 85*

 54

Holloway et al. (2017) [51] 200

180

Cervix Patent blue

ICG + patent blue

 76*

 96.1

 40*

 83.9

Frumowitz et al. (2018) [58] 176 Cervix ICG

Patent blue

 96*

 74

 78*

 31

Rozenholc et al. (2019) [52] 132 Cervix ICG

Patent blue

 90.9*

 64.4

–

Backes et al. (2019) [53] 204 Cervix ICG

Isosulfan blue

 92*

 78

 83*

 64

Kessous et al. (2019) [42]  80

 77

Cervix ICG + Tc99

ICG + Tc99 + patent blue

 97.5

 93.5

 81.3

 80.5

Cabrera et al. (2020) [43]  49

 35

Cervix Methylene blue + Tc99

ICG + Tc99

 94

 91

 41

 69*

ICG: indocyanine green, Tc99: technetium-99

* significant difference between tracer/dye (combination)
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SPECT‑CT scanning after tracer injection improves the rate of lo-
calisation and detection of the sentinel lymph nodes [25]. Com-
bining dyes with a radioactive tracer has led to better detection
rates compared with injection of a blue dye only but the logistical
(coordination of gynaecology and nuclear medicine) and financial
(additional staff costs, consumables and equipment) effort is
greater and also involves disadvantages for the patients, with the
inconvenience of an injection on the day before surgery and the
additional diagnostic imaging in the form of lymphoscintigraphy
or SPECT‑CT [11,35].

ICG is a fluorescent coloured compound that is used in numer-
ous diagnostic procedures (e.g., photometric liver function tests,
fluorescence angiography). In 2018 the Federal Drug Administra-
tion (FDA) approved the interstitial injection of ICG and the indica-
tions for the substance were extended to include visualisation of
lymphatics and lymph nodes during lymphatic mapping of endo-
metrial and cervical cancer [40].

The results of the FILM study, an open-label, prospective, ran-
domised international multicentre phase III study, led to the FDA
approval of interstitial injection of ICG [41]. In this study, Frumo-
566 Taran FA e
vitz et al. compared the use of ICG through near-infrared fluores-
cence imaging with the use of patent blue (defined as treatment
standard) for the detection of sentinel lymph nodes in patients
with FIGO stage I endometrial cancer [41]. All of the patient were
given both dyes; half were initially randomised to ICG analysis and
the other half to initial analysis of the patent blue [41]. The inten-
tion-to-treat analysis of 176 patients (87 patients after initial ICG
injection and 89 patients after initial patent blue injection)
showed that the overall detection rate (96 vs. 74%) and the bilat-
eral detection rate (78 vs. 31%) of the sentinel lymph nodes was
significantly higher with ICG imaging compared with patent blue
imaging [41].

A combination of ICG with Tc99m nanocolloid to show and de-
tect sentinel lymph nodes in patients with endometrial cancer has
recently come into the focus of scientific interest. Kessous et al.
reported in their study of 157 patients with endometrial cancer
that a triple tracer combination (ICG, Tc99m and patent blue)
does not lead to a significant improvement in the overall detec-
tion rate (93.5 vs. 97.5%) and bilateral detection rate (80.5 vs.
81.3%) compared with a double tracer combination (ICG and
t al. Status of Sentinel… Geburtsh Frauenheilk 2021; 81: 562–573 | © 2021. The author(s).



Tc99m) [42]. In a group of 84 patients with endometrial cancer
Cabrera et al. compared the sentinel lymph node detection rate
after mapping by a combination of ICG and Tc99m (35 patients)
to mapping with the combination of ICG and methylene blue (49
patients) [43]. As regards the overall detection rate (93 vs. 94%)
there was no significant difference between the 2 groups, but
the bilateral detection rate was significantly higher (69 vs. 41%)
in the patients who had mapping by means of a combination of
ICG and Tc99m [43].

An advantage of the combination of several tracers is the re-
duction in the rate of failed identification of the sentinel lymph
node in endometrial cancer and avoidance of the so-called empty
node packet phenomenon, which is described in association with
injection of ICG only [43]. The FILM study reported empty node
packets in 5% of samples and Thomaier et al. described empty
node packets in 7% of samples after imaging the lymph nodes
with ICG [41,44]. The combination of ICG with Tc99m, by adding
further preoperative imaging modalities (e.g., SPECT‑CT), could
lead to an improvement in detection and localisation and to a re-
duction in the rate of empty node packets [43].
The Overall Detection Rate and the Bilateral
Detection Rate of Sentinel Lymph Nodes
as Reflected in the Literature

The usefulness of the respective tracer or dye used to image the
sentinel lymph nodes is determined by the detection rate (overall
detection rate und bilateral detection rate) of the sentinel lymph
nodes. As the uterus is a midline organ, bilateral detection of pel-
vic lymph nodes and also detection of the para-aortic lymph
nodes is necessary to enable adequate staging [11]. ▶ Table 2
summarises a comparison of the overall and bilateral detection
rates of the sentinel lymph nodes after cervical injection of differ-
ent dyes and dye-tracer combinations.
Possibilities of Standardisation of the
Sentinel Lymph Node Concept: Injection Site,
Dye/Tracer, Intraoperative Algorithm

Standardisation of surgical procedures and techniques is essential
in gynaecological oncology to avoid complications even after dif-
ficult intraoperative situations and to keep the operation duration
as short as possible. Surgical training is simpler the more stan-
dardised a procedure is, and scientific comparison of operative
techniques is feasible and useful only then [54]. As well as the cor-
rect indication, standardisation of a surgical procedure includes
standardisation of the operation steps and the instruments neces-
sary for this plus standardisation of the setting. As regards stan-
dardisation of SLN in endometrial cancer, the following aspects
should be considered and defined precisely: injection site, tracer/
dye, intraoperative algorithm (evaluation, extent of lymph node
staging: SLN vs. SLNE).
Taran FA et al. Status of Sentinel… Geburtsh Frauenheilk 2021; 81: 562–573 | © 2021. The auth
The working group from Memorial Sloan-Kettering Cancer
Center (MSKCC) has significantly advanced developments in the
area of the sentinel lymph node concept in endometrial cancer
and recommends cervical injection (1–3mm submucosal and 1–
2 cm deep into the cervical stroma) of the respective marker(s) for
a number of reasons:
1. Most of the lymphatic drainage to the body of the uterus arises

from the parametria.
2. The injection site should be quickly and easily accessible.
3. The injection should not be influenced by anatomical varia-

tions (the cervix is not infiltrated by tumour in the majority of
patients with endometrial cancer).

4. The lymphatic drainage should not be obstructed by previous
procedures (e.g., conisation) or tumour infiltration.

5. Injections into the fundal serosa do not include the lymphatic
drainage of the parametria and, in addition, the great majority
of endometrial cancers do not infiltrate the fundal serosa [24,
55].

As regards standardisation of the dye/tracer, ICG alone or com-
bined injection of ICG and radioactive tracer/patent blue appears
to be the best option for the detection of sentinel lymph nodes
(▶ Table 2). Limited access to systems for displaying sentinel
lymph nodes after ICG (near-infrared fluorescence) or Tc99m la-
belling (SPECT‑CT, gamma hand probe) could limit the available
options, however. If fluorescence imaging in the near-infrared
area is possible, detection of sentinel lymph nodes with ICG alone
is clearly favoured as regards practicability and patient satisfac-
tion [11].

The aim of the NCCN (National Comprehensive Cancer Net-
work) sentinel lymph node algorithm is to identify by SLN the
lymph nodes with the highest risk of metastasis in order to limit
SLNE and the associated morbidity (▶ Fig. 3). Correct use of the
algorithm reduces the false-negative rate to less than 2% [55].
The NCCN algorithm specifies that unilateral pelvic SLNE should
always be performed if no sentinel lymph nodes are detected on
that side (▶ Fig. 1). Moreover, the morbidity of patients with en-
dometrial cancer can be significantly reduced by the use of the
NCCN algorithm [56]. A reduction in operative morbidity (less
blood loss, less lymphoedema and shorter operation duration) is
reported [56].

In the SHREC study, Persson et al. analysed the effectiveness of
an anatomically based sentinel lymph node ICG algorithm for ro-
bot-assisted staging of high-risk endometrial cancer [57]. It was
shown that use of the sentinel lymph node ICG algorithm by expe-
rienced surgeons (> 100 staging operations for endometrial can-
cer) excluded general lymph node involvement in 99% of cases
and thus can replace SLNE in high-risk endometrial cancer [57].
Both algorithms have the potential to establish SLN as a univer-
sally applicable concept for routine clinical practice, both for low-
and intermediate-risk and for high-risk endometrial cancer. A new
version of the DKG‑DKH-AWMF guideline could contain the evalu-
ation of the NCCN algorithm (for low- and intermediate-risk cases)
and the SLN ICG algorithm (high-risk cases). Prospective studies to
compare the current DKG‑DKH-AWMF guideline with the NCCN
algorithm and SLN ICG algorithm cannot be expected because of
the high number of cases necessary.
567or(s).



Inspection of the peritoneum and serosa

Obtain fluid for cytology

Retroperitoneal inspection:

Removal of identifiable

sentinel lymph nodes incl. ultrastaging

No sentinel lymph nodes detected bilaterally:

systematic hemipelvis lymphadenectomy

In addition: removal of all macroscopically

suspicious lymph nodes

Systematic para-aortic lymphadenectomy

at the treating physician’s discretion

▶ Fig. 3 Principles of intraoperative evaluation of the extent and
operative staging of endometrial cancer involving the sentinel
lymph node. Algorithm of the National Comprehensive Cancer
Network (NCCN). Modified from [8].
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The Accuracy of Sentinel Lymph Node Biopsy
in Endometrial Cancer

The practicability of SLN in endometrial cancer in routine clinical
practice and extensive introduction of this technique depend pri-
marily on two factors: the detection rate and the false-negative
rate. The detection rate is the proportion of cases in which a sen-
tinel lymph node is identified; failed mapping is the opposite and
refers to cases in which no lymph node was detected. Numerous
studies in the last decade have shown that SLN in endometrial
cancer is reliable with regard to the negative predictive value and
sensitivity in combination with ultrastaging.

In 2011 Ballester and colleagues published the results of the
first prospective multicentre study worldwide on the detection
rate and diagnostic accuracy of SLN in endometrial cancer (SEN-
TI-ENDO study) [2]. All participating patients received a cervical
injection of Tc99m on the preoperative day and a cervical injec-
tion of patent blue immediately before the surgical procedure. A
total of 125 patients from nine centres were analysed in this
study; preoperative lymphoscintigraphy detected sentinel lymph
nodes in 94 of 118 patients (80%) [2]. Perioperative detection of
the sentinel lymph nodes occurred in 77% (95% CI 69–83) of the
sentinel lymph nodes from the right half of the pelvis and in 76%
(95% CI 68–83) of the sentinel lymph nodes from the left half of
the pelvis; the overall sentinel lymph node detection rate per pa-
tient was 89% (95% CI 82–93). Para-aortic sentinel lymph nodes
were detected in five patients (4%); in the para-aortic region, a
median two sentinel lymph nodes were identified and removed.
Three patients had false-negative results, which led to a negative
predictive value of 97% (95% CI 91–99) and a sensitivity of 84%
(95% CI 62–95) [2].
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In the FIRES study (a prospective, multicentre study), 344 pa-
tients with endometrial cancer were analysed in whom both SLN
and SLNE were performed according to the NCCN algorithm [58].
Out of the 293 included patients in whom at least one sentinel
lymph node was demonstrated, 37 patients with lymph node in-
volvement were found. One of these 37 patients had negative
sentinel lymph nodes but positive lymph nodes after SLNE, which
led to a false-negative result [58]. The study resulted in a sensitiv-
ity of SLN of 97.2%, a negative predictive value of 99.7% and a
false-negative rate of 2.8% [58]. A limitation of the study was the
low bilateral detection rate of 52%, which was explained by the
authors as the result of the low experience with SLN of the partic-
ipating centres at the start of the study. However, the results of
the FIRES study can only be extrapolated to patients with endo-
metrial cancer in whom at least one sentinel lymph node can be
demonstrated [58]. Overall in the FIRES study, no sentinel lymph
nodes were identified in 47 patients and five of these patients
(11%) had lymph node metastases. These results underscore the
benefit of the NCCN sentinel lymph node algorithm for identifica-
tion of all patients with endometrial cancer and lymph node me-
tastases [11].

The results of the SENTI-ENDO and FIRES studies are corrobo-
rated by a meta-analysis of 55 studies with a total of 4915 patients
with endometrial cancer [59]. The sensitivity of SLN for the detec-
tion of metastatic lymph nodes reached 96% in the meta-analysis
with a combined negative predictive value of 99.7% [59]. The low
false-negative rates in endometrial cancer are comparable to the
detection rates in breast cancer. In patients with breast cancer, it
is recommended that axillary lymphadenectomy can be omitted
when the detection rate of the sentinel lymph nodes is > 90%
and a false-negative rate < 5% can be confirmed [60]. Khoury-Col-
lado et al. found that a sentinel lymph node detection rate of
> 90% can be achieved in endometrial cancer after 30 cases, with
a false-negative rate of 0% [61].
Atypical Location of the Sentinel Lymph Nodes
and Isolated Metastasis in the Para-Aortic
Lymph Nodes

A further advantage of SLN is the possibility of identifying lymph
nodes in atypical location [62]. In a study with 436 patients, 7.9%
of the sentinel lymph nodes were identified in sites that are not
included in the area of routine SLNE in endometrial cancer (lo-
cated in the internal iliac vein area, presacral, parametrial) [62].
The sentinel lymph nodes were the only affected lymph nodes in
46.1% of cases mapped successfully, including 3 cases in which
the atypically located lymph nodes were the only affected lymph
nodes [62].

The rate of isolated para-aortic metastases after operative
staging when pelvic lymph nodes are not affected is between 1–
4% and is constant for low- and high-risk endometrial cancer [39,
63,64]. The inability to diagnose extrapelvic disease manifesta-
tion therefore limits the accuracy of SLN. The use of a SLN algo-
rithm, through exact mapping and inclusion of ultrastaging, could
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lead to a fall in the rate of “genuine” isolated para-aortic metasta-
ses [57].
Sentinel Lymph Node Biopsy
in High-Risk Endometrial Cancer

As long as 10 years ago, the authors of the SENTI-ENDO study
concluded that SLN in endometrial cancer can represent a com-
promise between SLNE and omitting lymphadenectomy in pa-
tients with low- or intermediate-risk endometrial cancer [2]. Very
recently, the results of the FIRES study underscored the accept-
able accuracy of SLN in endometrial cancer in routine clinical prac-
tice [56]. Nevertheless, reservations were expressed with regard
to extrapolating the results of low- and intermediate-risk endo-
metrial cancer to patients with high-risk endometrial cancer and
a higher prognostic risk for pelvic and para-aortic lymph node in-
volvement [11]. The question of the safety of SLN in patients with
high-risk endometrial cancer has been investigated in a number of
observational and prospective studies.

The largest study to date that addresses the question of SLN in
high-risk endometrial cancer is the prospective, multicentre (2
high-volume centres) SHREC study from Sweden [57]. Of the 257
patients with FIGO I–II high-risk endometrial cancer who were in-
cluded in the study and analysed, 54 patients had pelvic lymph
node metastases and 52 of the patients with lymph node metas-
tases were identified correctly by the SLN algorithm that was used
[57]. The study yielded a sensitivity of 100% and a negative pre-
dictive value of 100% for this SLN algorithm, and the bilateral de-
tection rate was 95% [57]. Isolated para-aortic lymph node metas-
tases were diagnosed in two patients (1%) [57]. The rate of para-
aortic SLNE was 81% [57].

The results of the SHREC study are similar to the results of the
high-risk subgroup (102 of 356 patients, 28.6%) from the FIRES
study [56]. One false-negative sentinel lymph node was found
among the 102 patients with high-risk endometrial cancer. The
rate of para-aortic SLNE was also high in patients in this study
and was performed in 74% of patients with high-risk endometrial
cancer [56].

In a prospective study of 101 patients with high-risk endome-
trial cancer, the NCCN algorithm was used as a safe method with
an overall detection rate of 89% and a bilateral detection rate of
58% [65]. One false-negative sentinel lymph node was found
among 20 patients in whom at least one sentinel lymph node
was detected. This resulted in a 5% false-negative rate and sensi-
tivity of 95% in this high-risk population [65]. It was therefore con-
firmed again that the SLN procedure can identify affected lymph
nodes when it was combined with a side-specific SLNE according
to the NCCN algorithm [8]. In their group of 128 patients with
high-risk endometrial cancer, Touhami et al. reported an overall
sentinel lymph node detection rate of 89.8% and a bilateral detec-
tion rate of 63.2%. Among the cases with bilateral detection only
one false-negative case was diagnosed, resulting in a sensitivity of
95.8% and a negative predictive value of 98.2% [66].

In a retrospective study of 412 patients with intermediate- and
high-risk endometrial cancer, Ducie et al. compared the detection
rates after SLN (202 patients) and SLNE (210 patients) [67]. The
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NCCN algorithm was used in the SLN group. No significant differ-
ence was shown between the SLN group and SLNE group as re-
gards the detection rate in FIGO stage IIIC and diagnosis of para-
aortic lymph node metastasis [67]. Use of the NCCN algorithm in
patients with intermediate- and high-risk endometrial cancer
does not lead to a reduction in the overall detection rate of lymph
node metastases after SLN compared with SLNE [67].
The Prognostic Significance of Isolated
Tumour Cells and Micrometastases

With regard to the histopathological evaluation of the sentinel
lymph nodes in endometrial cancer, Delpech et al. recommend
the so-called “ultrastaging” protocol because of the small volume
of tissue available for examination: a combination of haematoxy-
lin-eosin (H&E) staining and immunohistochemical staining with
an anti-cytokeratin antibody mixture (typically AE3 and AE4)
[68]. Using the ultrastaging protocol for histopathological pro-
cessing of the sentinel lymph nodes considerably increases the
detection rate of isolated tumour cells (individual tumour cells or
cell clusters with a maximum diameter of 0.2mm) or micrometa-
stases (cell clusters 0.2 to 2mm in size) in patients with endome-
trial cancer compared with routine H&E results [69,70]. The pro-
portion of isolated tumour cells and micrometastases is more
than 30% of lymph nodes affected by metastasis and is diagnosed
especially in patients with endometrial cancer and a low risk of
lymph node metastasis [71].

In the SENTI-ENDO studies, of the 16 patients with positive
sentinel lymph nodes, only 7 patients had lymph node metastases
that were diagnosed by conventional H&E staining, and in 9 pa-
tients the lymph node metastases were diagnosed by ultrastaging
[2]. The addition of ultrastaging of the sentinel lymph nodes also
discovers those patients with micrometastases in the subgroup of
patients with low-risk endometrial cancer [2, 72].

In a multicentre, retrospective study of 304 patients with low-
and intermediate-risk endometrial cancer, significantly more (SLN
group 16.2% vs. SLNE group 5.1%) involved lymph nodes were
found by the SLN method and using ultrastaging, and the false-
negative rate of SLN was 0% [68]. By using ultrastaging the indica-
tions for adjuvant therapy were extended for patients with micro-
metastases and performing SLN had no influence on recurrence-
free survival [68].

In the largest study to date on the prognostic significance of
isolated tumour cells and micrometastases in endometrial cancer
23 (2.7%) patients with isolated tumour cells, 21 (2.5%) patients
with micrometastases and 47 (5.6%) patients with macrometasta-
ses in the lymph nodes were described out of a total population of
844 patients [73]. Of these, 83% of the patients with isolated tu-
mour cells, 81% of the patients with micrometastases and 89% of
the patients with macrometastases received adjuvant chemother-
apy [73]. The recurrence-free 3-year survival was significantly bet-
ter for patients with isolated tumour cells (86%) and patients with
micrometastases (86%) compared with patients with macrometa-
stases (71%) and comparable with the outcome of node-negative
patients (90%) [73].
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A recently published study focussed especially on the influence
of adjuvant therapy on isolated tumour cells in sentinel lymph
nodes of patients with endometrial cancer [74]. After ultrastaging,
31 (36%) patients with isolated tumour cells were described out of
a total of 519 patients. Eleven (35%) patients received adjuvant
therapy in the form of chemotherapy and percutaneous radiother-
apy, 10 (32%) patients were given percutaneous radiotherapy and
10 (32%) patients had brachytherapy or oncological follow-up
only [74]. In this study, too, the recurrence-free 3-year survival
was significantly better for patients with isolated tumour cells
(96%) and patients with micrometastases (88%) compared with
patients with macrometastases (59%) and comparable to the out-
come of node-negative patients (86%) [74]. No recurrences were
recorded in the group of patients with isolated tumour cells who
had brachytherapy or oncological follow-up only [74].

The combination of SLN with the ultrastaging protocol im-
proves the sensitivity of staging in endometrial cancer and en-
ables adjuvant therapy to be adjusted individually. Patients with
endometrial cancer and isolated tumour cells in the sentinel
lymph nodes have a similarly good prognosis as patients without
lymph node involvement. The indication for adjuvant therapy
should be established in these cases depending on uterine risk
factors [71,74]. Patients with isolated tumour cells in the sentinel
lymph nodes and low-risk endometrial cancer probably do not
benefit to a great degree from an additional adjuvant component.
However, the prognostic significance of the isolated tumour cells
and micrometastases in endometrial cancer remains unclear [75].
The data so far support the adjuvant treatment of patients with
micrometastases in a similar way to patients with macrometasta-
ses, especially because most of these lesions are not identified by
conventional histopathological methods [11].
The Prognostic Status of
Sentinel Lymph Node Biopsy

The prognostic status of SLN alone compared with SLNE as part of
surgical staging of endometrial cancer has not yet been adequate-
ly defined.

In a study of patients with uterine carcinosarcoma, SLN (ac-
cording to the NCCN algorithm) and SLNE were compared [76]. A
total of 136 patients were studied; 48 patients had staging with
SLN and 88 patients had pelvic and/or para-aortic SLNE. No signif-
icant difference was found between the two groups in median
progression-free survival [76]. In a follow-up analysis of the multi-
centre SENTI-ENDO study, low- and intermediate-risk patients
were studied for their long-term course and the influence of SLN
on survival [77]. In the 111 patients in whom a sentinel lymph
node was detected, no significant difference was shown in recur-
rence-free survival, independent of whether or not lymph node in-
volvement was present [77].

In another study, the staging results of patients with SLNE
(n = 661) and patients with SLN followed by SLNE (n = 119) were
compared retrospectively [69]. Despite similar risk factors, signifi-
cantly more lymph node metastases (30.3 vs. 16.4%) were found
in the SLN group and more patients received adjuvant therapy
(28.6 vs. 16.3%) than in the SLNE group. The sentinel lymph node
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was the only metastasis in 18 (50%) cases and ultimately showed
that SLN combined with SLNE significantly increases the detection
rate of pelvic lymph node metastases [69].

A recent systematic review included 3536 patients (1249 pa-
tients with SLN and 2287 patients with SLNE) from 6 studies [78].
Compared with the SLNE group, significantly more affected lymph
nodes were diagnosed in the SLN group (9.9 vs. 14.7%); as regards
detection of affected para-aortic lymph nodes no significant dif-
ference was found between the two groups [78]. The difference
in overall recurrence rate between the two groups was not signifi-
cant and was 4.3% after SLN and 7.3% after SLNE; the rate of
lymph node recurrence also did not differ significantly between
the two groups (1.2% after SLN vs. 1.7% after SLNE) [78].

The problem of oncological outcome after SLN compared with
SLNE was the particular focus in recent years of a research collab-
oration between the Mayo Clinic, (Rochester, MN) and the Memo-
rial Sloan Kettering Cancer Center (MSKCC) (New York, NY). In this
collaboration, two cohorts of patients with endometrial cancer
who had been treated at the two institutions were compared: pa-
tients from the MSKCC after SLN according to the NCCN algorithm
(between 2006 and 2013) and a cohort of patients from the Mayo
Clinic with endometrial cancer who had SLNE between 2004 and
2008 were included in the respective analyses. Zahl Eriksson et al.
in a study compared SLN and SLNE in patients with low-risk endo-
metrial cancer [79]. 1135 patients in total were included in this
study; 642 patients had SLN and 493 had SLNE. In the SLN group,
significantly more patients were diagnosed with pelvic lymph
node metastases compared with the SLNE group (5.1 vs. 2.6%),
and the rate of para-aortic lymph node metastases was compara-
ble in the two groups (0.8 vs. 1%) [79]. The recurrence-free 3-year
survival rate did not differ statistically significantly between the
two cohorts and was 94.9% in the SLN group and 96.6% in the
SLNE group [79]. In another study, Schlappe et al. investigated
the oncological outcomes after SLN compared with SLNE in pa-
tients with endometrial cancer and myometrial invasion depth
> 50%. The study included 176 patients; 82 had SLN and 94 had
SLNE [80]. 9.8% of the patients from the SLN group and 29.8% of
the patients from the SLNE group did not receive any adjuvant
therapy. In a multivariate analysis, the authors found no difference
between the staging method and recurrence and no influence of
the staging method (SLN vs. SLNE) on overall survival in the entire
cohort [80]. With reference exclusively to the node-negative pa-
tients, no difference was found between the two groups with re-
gard to progression-free survival [80]. Another recent study also
analysed the outcome after SLN vs. SLNE in patients with clear-cell
and serous endometrial cancer [81]. This study included 214 pa-
tients, of whom 118 had SLN and 96 had SLNE. The proportion of
patients who had received adjuvant therapy was significantly
higher in the SLN group at 84 vs. 40% [81]. The recurrence-free
3-year survival was significantly lower in the SLN group (69%) vs.
the SLNE group (80%) but the 3-year overall survival did not differ
statistically significantly between the two groups (88% SLN vs.
77% SLNE) [81]. It was also shown in this study that performing
SLN does not have any negative influence on the overall survival
of patients with endometrial cancer compared with SLNE. Finally,
Multinu et al. analysed the outcome after SLN vs. SLNE in patients
with FIGO stage IIIC endometrial cancer without bulky disease
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[82]. The use of the NCCN SLN algorithm had no negative influ-
ence on survival in patients with affected lymph nodes without
bulky disease, compared with SLNE; the factors determining prog-
nosis were the aggressive histopathological characteristics of the
primary tumour [82]. Another controversial aspect in the discus-
sion of SLN is the question of whether patients with positive senti-
nel lymph nodes benefit from completion of staging by SLNE. In
this study by Multinu et al. there was no difference with regard to
progression in the area of the lymph nodes between the SLN and
the SLNE group. Thus, completing SLNE alone might not represent
adequate therapy to prevent lymphatic dissemination [82]. Adju-
vant therapy (chemotherapy and/or radiotherapy) appears to
have at least partially a positive effect on residual tumour in the
lymph nodes after limited staging [82]. If these results are con-
firmed in prospective studies, this therapeutic effect of adjuvant
therapy could play an important role in future decisions regarding
the extent of lymph node staging in endometrial cancer [82].

In a retrospective analysis from two centres in Italy, Buda et al.
examined the influence on survival of algorithm-based SLN and
SLNE [75]. The study included 802 patients with FIGO stage I en-
dometrial cancer. In this study, no difference in recurrence-free
survival was found between three staging strategies (SLN, SLNE,
SLN and SLNE) [75]. However, more pelvic lymph node metastases
were detected by SLN (16.7% after SLN vs. 7.3% after SLNE) [75].
Conclusion
Surgical lymph node staging is one of the most important factors
for determining adjuvant therapy for patients with endometrial
cancer. The use of SLN has revolutionised the surgical therapy of
patients with breast cancer and melanoma so the potential advan-
tages of using SLN in endometrial cancer are countless. The possi-
bility of lymph node staging by SLN while avoiding SLNE leads to a
significant reduction in the rate of peri- and postoperative mor-
bidity.

The number of clinical studies that compare the recurrence
pattern and survival of patients with endometrial cancer after
SLN or pelvic and para-aortic SLNE is relatively small. As regards
the prognostic status of SLN, the algorithm-based SLN does not
appear to be inferior to SLNE in detecting affected para-aortic
lymph nodes and specific recurrence rates (overall recurrence rate
and lymph node recurrence). With regard to detection of affected
pelvic lymph nodes, SLN appears to be superior to SLNE according
to the current data. The prognostic significance of isolated tu-
mour cells and micrometastases in endometrial cancer remains
unclear.

Further prospective randomised studies, including the molec-
ular pathology risk profile of endometrial cancer, are essential for
better assessment of the long-term effectiveness of SLN, espe-
cially in patients with high-risk cancers. According to the recom-
mendation of the current DKG‑DKH-AWMF S3 guideline, SLN
alone should be performed in endometrial cancer only in con-
trolled studies [5]. Based on the recent data, a new version of the
DKG‑DKH-AWMF guideline could contain the evaluation regard-
ing the applicability of the available SLN algorithms (for low-, in-
termediate- and high-risk endometrial cancer).
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