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Introduction: Given the growing interest in sentinel node mapping (SLN) biopsy in Endometrial Cancer
(EC) patients, many efforts have been made to maximize the SLN bilateral detection rate. However, at
present, no previous research assessed the potential correlation between primary EC location in the
uterine cavity and SLN mapping. In this context, this study aims to investigate the possible role of in-
trauterine EC hysteroscopic localization in predicting SLN nodal placement.
Materials and methods: EC patients surgically treated from January 2017 to December 2021 were
retrospectively analyzed. All patients underwent hysterectomy, bilateral salpingo-oophorectomy, and
SLN mapping. During hysteroscopy, the location of the neoplastic lesion was described as follows: uterine
fundus (comprising the most cranial portion of the uterine cavity up to the tubal ostium including the
cornual areas), corpus uteri (from the tubal ostium to the inner uterine orifice), and diffuse (when the
tumor invades more than 50% of the uterine cavity).
Results: Three hundred ninety patients met the inclusion criteria. The tumor pattern diffused to the
whole uterine cavity was statistically associated with SLN uptake on common iliac lymph nodes (OR 2.4,
95%CI 1e5.8, p ¼ 0.05). Patients'age is an independent factor associated with SLN failure (OR: 0.95, 95%CI
0.93e0.98, p < 0.001).
Conclusions: The study showed a statistically significant association between EC hysteroscopically spread
throughout the whole uterine cavity and SLN uptake at the common iliac lymph nodes. Furthermore,
patient age negatively affected the SLN detection rate.
© 2023 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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1. Introduction

Endometrial cancer (EC) is the most common gynecological
neoplasm with almost 417.000 new cases diagnosed worldwide in
2020 [1]. EC incidence increased by 132% in the last 30 years due to
a higher prevalence of EC risk factors [2]. The aging population and
ropean Society of Surgical Oncology. All rights reserved.
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the growing obesity prevalence are reported as the main causes of
this phenomenon [3]. EC is often diagnosed at an early stage due to
the presence of onset symptoms [4]. In case of abnormal uterine
bleeding, current international guidelines recommend hysteros-
copy as the preferred approach for endometrial biopsy [5].
Compared with foregoing blind biopsies, Hysteroscopy allows
direct visualization with high magnification of the uterine cavity
and enables a guided biopsy performance also in an outpatient
setting [6]. Furthermore, hysteroscopy-guided biopsy showed
higher accuracy in endometrial cancer histological type and grade
diagnosis, allowing proper planning of the subsequent surgical
treatment [7,8]. Conversely, Dilatation and Curettage require an
operating room and a 10% false negative in EC detection has been
reported caused by scraping of less than 50% of the endometrial
cavity [9,10]. Besides, the Pipelle biopsy reliability can be affected
by an inadequate sample for histologic examination and the risk of
missing focal anomalies [11]. Thereby, some authors suggest that
blind endometrial biopsy techniques should be abandoned [12].

Currently, EC surgical treatment consists of total hysterectomy,
bilateral salpingo-oophorectomy, and nodal staging through
sentinel node mapping (SLN). Minimally invasive surgery (MIS) is
the recommended approach in early-stage EC [5]. Robotic surgery,
compared to traditional laparoscopy, extendedMIS boundaries also
in the context of extremely obese and very elderly patients [13,14].

Since lymphadenectomy has been proven not to improve sur-
vival, and SLN accuracy in detecting nodal metastasis reaches 96%,
SLN became the gold standard for nodal staging in EC patients
[15,16]. Furthermore, SLN biopsy feasibility and oncological safety
are currently being prospectively evaluated also in the context of
high-risk EC [17]. Given the growing interest in SLN biopsy in EC
patients, many efforts have been made to maximize the SLN
bilateral detection rate through an optimized injection technique
and accurate lymphatic pathways identification [18,19].

In 2018 the FILM trial, a randomized clinical trial including 180
patients with endometrial or cervical cancer, reported the non-
inferiority of indocyanine green (ICG) compared to blue dye with
a bilateral detection rate of 82% vs 32% respectively. Consequently,
ICG is currently the preferred tracer.

In addition, growing expertise about the best infiltration tech-
nique, the widespread adoption of sentinel node biopsy, and a
deeper knowledge of unfavorable factors for SLN detection led over
the years to a progressive improvement in the overall and bilateral
SLN detection rate. Starting from the 52% bilateral detection rate
reported in the FIRES trial [20], today most authors describe a
bilateral detection rate of more than 75% [21e23]. Advanced age,
obesity, lymphovascular space invasion, presence of nodal metas-
tasis, non-endometrioid histology, and previous surgery has been
described as risk factors for SLN failure [24e26].

Previous studies described different pathways of uterine
lymphatic drainage for specific uterine regions [27e29]. Further-
more, several studies evidenced improved bilateral SLN detection
rate through reinjection in failedmapping cases, use of Indocyanine
Green dye, and cervical infiltration performed by experienced
surgeons [23,25,30].

However, at present, no previous research assessed the potential
correlation between primary EC location in the uterine cavity and
SLN detection in or outside the pelvis. In this context, to further
improve SLN intraoperative detection rate, this study aims to
investigate the possible role of intrauterine EC hysteroscopic
localization in predicting SLN pelvic or extrapelvic nodal
placement.

2. Material and methods

EC patients treated consecutively at the University Hospital of
2

Parma, Department of Women's, Children's and Public Health Sci-
ences Agostino Gemelli University Polyclinic Foundation IRCCS of
Rome, Gynecologic Oncology Unit A. R.N.A.S. Ospedali Civico Di
Cristina Benfratelli of Palermo, University Hospital Federico II In-
tegrated Maternal and Child Care Department of Naples, and
Department of Gynecologic Oncology Gemelli Molise SpA of Cam-
pobasso from January 2017 to December 2021 were retrospectively
analyzed.

All medical history, clinical, instrumental investigation, anato-
mopathological, and surgical treatment details were collected for
each patient. All patients underwent a laparoscopic or robotic
surgical treatment for apparent early-stage EC including hysterec-
tomy, bilateral salpingo-oophorectomy, and SLN mapping. Four ml
of ICG were injected into the cervical stroma at 3 and 9 o'clock. SLN
pathologic assessment included ultrastaging and cytokeratin
immunohistochemistry. Inclusion criteria required that all patients
had performed diagnostic hysteroscopy at the tertiary cancer cen-
ters where they were then treated. Hysteroscopies were performed
in an ambulatory outpatient setting or operating roomwith a fluid-
distendingmedium delivered by pressure bag or a peristaltic pump.
Normal saline or hypotonic solutions were used as a distension
medium depending on the type of instrumentation adopted.
Through direct identification of endometrial lesions suggestive of
EC, targeted endometrial biopsies were collected by using one of
the following instruments: continuous flow hysteroscopes with an
oblique view and an operating 5 Fr channel; 15 Fr, 26 Fr, and 27 Fr
resectoscopes armed with either monopolar or bipolar loops;
Hysteroscopic Tissue Removal Devices. During hysteroscopy, the
location of the neoplastic lesion was described as follows: uterine
fundus (comprising the most cranial portion of the uterine cavity
up to the tubal ostium including the cornual areas), corpus uteri
(from the tubal ostium to the inner uterine orifice), and diffuse
(when the tumor invades more than 50% of the uterine cavity)
[31,32]. Once the malignant nature of the endometrial lesion was
histologically confirmed, international guidelines were followed for
preoperative workup [5,33]. The Memorial Sloan Kettering Cancer
Center Algorithm was applied for SLN mapping [34]. During sur-
gery, surgeons described the SLN location for each hemipelvis as
follows: parametrial, internal iliac, external iliac, common iliac,
para-aortic, paracaval, interaortocaval, sacral, and obturator. In case
of SLN failed mapping, a side-specific lymphadenectomy of the
non-capturing hemipelvis was performed.

Patients <18 years old, with missing pathological data, who
performed EC diagnosis not by hysteroscopy, or women not con-
senting to the publication of their data for scientific purposes were
excluded from the analysis.

The primary objectivewas to determinewhether a correlation is
present between endometrial tumor location within the uterine
cavity and the SLN site within or outside the pelvis. In case of SLN
failed mapping, the secondary aim was to identify factors corre-
lated with failed tracer uptake in the lymph node stations.

The authors ensure that thework described has been carried out
in accordance with The Code of Ethics of the World Medical Asso-
ciation (Declaration of Helsinki). All patients gave informed consent
for the publication of their anonymized data for scientific purposes.

This retrospectivemulticenter studywas approved by the Parma
Ethics Committee under code 181/2021/OSS/AOUPR [19].

2.1. Statistical analysis

The baseline characteristics of patients were summarized by
absolute numbers and relative frequencies (percentages) for cate-
gorical variables and mean values ± standard deviation (SD) for
continuous variables. Comparisons are respectively performed by
using the chi-squared test using a t-test for independent samples.
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To describe the explorative hypothesis aimed to identify if at least
one tumor site could be frequently intercepted by a tracer, a con-
tingency table was developed with a chord diagram to graphically
represent every single connection and its relative frequencies.
Multinomial models were implemented to measure the simulta-
neous associations among SLN locations and tumor sites. Overall
and stratified right and left tracer models were performed, and the
degree of the association was summarized with Odds Ratio (OR),
95% Confidence Interval (CI), and p-values. Finally, the multivari-
able ordinal logistic regression model was developed to test the
main factor associated with the three levels of SLN detection
outcome (0 ¼ none, 1 ¼ unilateral, 2 ¼ bilateral). The R Statistical
software version 4.2.2 (R Foundation for Statistical Computing,
Vienna, Austria) was used for statistical analyses.
3. Results

Three hundred ninety patients met the inclusion criteria during
the study period. Patient characteristics are summarized in Table 1.
Table 1
Patients’ characteristics.

Variable

Age median (years, range)
BMI median (Kg/m2)

Histology Endometrioid
Not Endometr

FIGO Stage IA
IB
II
IIIA
IIIB
IIIC1
IIIC2
IVB

Tumor Grade G1
G2
G3

LVSI Substantial
Focal
Negative

Surgical approach Laparoscopy
Robotic-assist

Mapping Bilateral
Monolateral
Absent

Nodal staging
SLN biopsy only
Lymphadenectomy

Monolateral p
Bilateral pelvi
Lomboaortic l

FIGO stage IIIC
SLN positive
lymphadenec

SLN status
N0
Ni
Nmi
N1

Adjuvant treatment Brachytherapy
External-beam
Chemotherap
Chemotherap

BMI: Body Mass Index; SLN: sentinel lymph node; N0: negative
macrometastasis.
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Median age was 65 years (range 37e88) and median BMI was
29 kg/m2 (range 18e51). Table 2 shows that the corpus uteri is the
most frequent location among the three uterine tumor sites (258
cases, 66.9%) followed by 81 (20.8%) patients with EC located on the
uterine fundus, and 51 (13.1%) women with cancer spread to the
whole uterine cavity. On the other hand, SLN mapping on external
iliac lymph nodes was reported in 420 (53.8%) patients, followed by
obturators (141; 18.1%), common iliac (56; 7.2%), and internal iliac
(33; 4.2%) lymph nodes. Regarding the primary outcome, only the
tumor pattern diffused to the whole uterine cavity was statistically
associated with SLN uptake on common iliac lymph nodes (OR 2.4,
95%CI 1e5.8, p ¼ 0.05). Conversely, EC arising from the uterine
corpus and fundus did not show significant correlations with SLN
localizations (see chord diagram representation in Fig. 1).

Of the entire series, 298 (76.4%) patients showed bilateral SLN
uptake, 62 (15.9%) unilateral uptake, and in 30 (7.7%) cases SLN
failed. Table 3 shows the results of the multivariable ordinal logistic
regression analysis in which only age is an independent factor
negatively associated with the SLN detection (OR: 0.95, 95%CI
n; %

65 (37e88)
29 (18e51)

325; 83.3
ioid 65; 16.7

182; 46.9
105; 26.9
36; 9.2
9; 2.3
2; 0.5
46; 11.8
7; 1.8
3; 0.6

135; 34.5
160; 41.1
95; 24.4

70; 18
121; 31
199; 51

344; 87.2
ed laparoscopy 46; 11.8

298; 76.4
62; 15.9
30; 7.7

280; 71.8

elvic lymphadenectomy 55; 14.1
c lymphadenectomy 55; 14.1
ymphadenectomy 16; 4.1

53
35; 66

tomy 18; 34

280
237; 84.6
8; 2.9
11; 3.9
24; 8.6

75; 19.2
radiotherapy 56; 14.4

y þ Radiotherapy 63; 16.2
y 16; 4.1

node; Ni: isolated tumor cells; Nmi: micrometastasis; N1:



Table 2
Uterine tumor site and SLN locations.

Total Patients
n; %

Total Emipelvis
n; %

External Iliac n; % (p-
value)

Obturator n; % (p-
value)

Common Iliac n; % (p-
value)

Internal Iliac/Parametrial n; % (p-
value)

Failed Mapping
n; %

Total 390; 100 780; 100 420; 53.8 141; 18.1 56; 7.2 33; 4.2 130; 16.7
Corpus 258; 66.9 516; 66.2 276; 53.5 (0.56) 94; 18.2 (0.96) 35; 6.8 (0.52) 24; 4.7 (0.52) 87; 16.9
Fundus 81; 20.8 162; 20.8 84; 51.9 (0.35) 31; 19.1 (0.72) 10; 6.2 (0.37) 6; 3.7 (0.49) 31; 19.1
Diffuse 51; 13.1 102; 13.1 60; 58.8 (0.14) 16; 15.7 (0.57) 11; 10.8 (0.05) 3; 2.9 (0.98) 12; 11.8

Fig. 1. Chord diagram representation of uterine tumor site with sentinel lymph node localization.

Table 3
Multivariable ordinal logistic regression analysis for SLN failure risk factors.

Odds Ratio 95% Confidence Interval p value

Age 0.95 0.92e0.98 <0.001
BMI 0.96 0.92e1.00 0.06
Endometrioid histology 1.45 0.65e3.13 0.35
Figo Stage IIIC1 0.78 0.65e1.62 0.49
Uterine tumor location

Fundus 0.61 0.34e1.13 0.11
Corpus 1.06 0.61e1.81 0.83
Diffuse 2.24 0.92e6.38 0.10

SLN: sentinel lymph node; BMI: Body Mass Index. FIGO: International Federation of
Gynecology and Obstetrics.
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0.93e0.98, p < 0.001). On the contrary, the uterine tumor site
(diffuse vs corpus/fundus) showed no statistically significant cor-
relation with SLN mapping failure (OR: 2.24, 95%CI 0.92e6.38
p ¼ 0.097). Finally, BMI showed a bordering statistical association
with SLN failure (OR: 0.96, 95%CI 0.92e1.00; p ¼ 0.058).
4

4. Discussion

4.1. Study finding

The present study found that EC hysteroscopically spread over
the entire uterine cavity was statistically associated with SLN
mapping at the level of common iliac lymph nodes. In addition, the
patient's age negatively affected the bilateral SLN detection rate.
4.2. Interpretation

From the previous experience of various authors, we can state
that uterine lymphatic drainage pathways are extremely complex,
suffer from enormous interindividual variability, and are anasto-
mosed to each other [15,35,36]. These aspects make the interpre-
tation of our results particularly arduous. Anyway, although there
are no studies with objectives overlapping with ours, in-
terpretations of our results could be multiple even if speculative.
First, diffuse tumors within the uterine cavity could cause huge
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neoplastic lymphangitis occluding the smaller lymphatic pathways
thus promoting drainage into the larger lymphatic channels
draining to the common iliac lymph nodes. Then, In diffuse tumor
forms increased lymph load could be produced by the neoplastic
cells with the development of new lymphatic drainage pathways
draining into the common iliac lymph nodes. Finally, the increased
lymph load could create a greater pressure gradient within the
lymphatic vessels favoring the skipping of lymph node stations
more proximal to the uterus with dye collection at the most distal
nodal stations.

Moreover, as previously reported by Cianci et al. [24], patient
age would cause physiologic deterioration of lymphatic channels
and increased permeability of lymphatic ducts resulting in reduced
SLN dye uptake.
4.3. Previous literature and clinical implication

Over the years, several authors attempted to improve SLN
detection by studying different types of tracers, infiltration sites,
and dye infiltration techniques. In a recent meta-analysis
comparing ICG, Blue dye, and (99)Tc, Ruscito et al. [37] reported
that ICG showed higher overall (95% CI 0.15e0.50; p < 0.001) and
bilateral SLN detection rates (95% CI 0.19e0.40; p < 0.001) than the
other tracers. In 2021, Ditto et al. [38] demonstrated with a multi-
center prospective randomized controlled trial of the MITO group
that cervical infiltration was superior in SLN detection compared
with hysteroscopic ICG injection. Finally, Persson et al. [39] first
showed the superiority of re-injection in SLN mapping failure over
the single dye injection.

Asmentioned above, all these efforts lead to a bilateral detection
rate of more than 75% in the literature [21e23]. Nevertheless, the
SLN detection rate is still highly variable among various cancer
centers and side-specific lymphadenectomy is burdened with se-
vere morbidities negatively impacting patient quality of life [40].

In this scenario, the present study would help the surgeon in
SLN identification. In patients with EC spread to the entire uterine
cavity, the gynecologist should pay major attention to the explo-
ration of common iliac lymph nodes. Finally, as this data is preop-
erative, the results of our study allow better planning of the
patient's surgery. Surgical exploration of level 2 pelvic lymph nodes
(common and presacral iliac) is certainlymore complex than level 1
(external and obturator iliac), therefore, in selected cases, an
experienced surgeon should be available to maximize SLN
detection.
4.4. Strengths and limitations

The merit of this study lies in the large case series collected in
referral cancer centers with strict adherence to the most updated
international guidelines. Besides, to our best knowledge, no study
investigated the correlation between hysteroscopic tumor locali-
zation and SLN identification before the present study. On the other
hand, the retrospective nature is the major limitation of the study.
Data about survival, tumor location, and prognosis are missing.

Furthermore, the arbitrary partition of the uterine cavity into
three slices was due to statistical issues. A finer description of the
hysteroscopic tumor localizations would not have allowed an
adequate number of cases to achieve the objective of the study. In
addition, atypical SLN locations were not considered, as well as SLN
mapping in the presence of node metastasis, and this may have
influenced our results. Therefore, further prospective studies with
more cases are needed to better explore this topic.
5

5. Conclusions

The study showed a statistically significant association between
EC hysteroscopically spread throughout the whole uterine cavity
and SLN uptake at the common iliac lymph nodes. Furthermore,
patient age negatively affected the SLN detection rate.
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