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Sentinel lymph node mapping (SLNM) is widely used in staging of both low- and high-risk early-stage endometrial 
cancer. It has a high detection rate, high sensitivity, high negative predictive value, and low false negative rate in 
detection of lymph node metastasis. Cervical injection of indocyanine green for SLNM is the 
preferred method. SLNM reduces the number of lymph node removal and reduces 
complications from lymphadenectomy without compromising oncological safety. This review discusses 
the latest evidence of SLNM in endometrial cancer staging in terms of technique, accuracy, 
limitations, impact on lymphadenectomy complications, and cancer survival. 
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Introduction
 Endometrial cancer is the commonest 
gynaecological malignancy in the developed world, with 
the incidence increasing rapidly. It is the 4th commonest 
female cancer in the USA, with a 1% increase in incidence 
every year1. In Hong Kong, a similar trend is observed. 
According to the Hong Kong Cancer Registry, the 
incidence increased from 15/100 000 in 2015 to 17/100 000 
in 20192. Lymphadenectomy has been an integral part in 
the management of endometrial cancer since the use of 
surgical staging3 and the incorporation of positive lymph 
nodes as stage IIIC in the International Federation of 
Gynecology and Obstetrics staging4. Chemotherapy and/or  
radiotherapy improves the 5-year overall survival (OS) 
of stage IIIC endometrial cancer from 69.8% to 78.7%5,6. 
Thus, accurate assessment of lymph node involvement 
is crucial for the optimal management of endometrial 
cancer, especially in high-risk endometrial cancer, which 
has a 10% chance of lymph node metastasis7. However, 
complete pelvic and para-aortic lymphadenectomy lacks a 
therapeutic effect and is associated with morbidities such 
as lymphedema. Sentinel lymph node mapping (SLNM) 
may decrease morbidity without compromising survival. 
It is widely used in the management of early-stage low-
risk (well-differentiated or moderately differentiated, 
grade 1-2, <50% myometrial invasion, <2 cm tumour) 
endometrial cancer8. It also achieves similar oncological 
safety and accuracy in early-stage high-risk (grade 3 
endometrioid histology, non-endometrioid histology, deep 
myometrial invasion, cervical invasion, and presence 

of lymphovascular space invasion) endometrial cancer. 
82% of US gynae-oncology surgeons9 and 50% of gynae-
oncology surgeons among 69 countries self-report to use 
SLNM when managing endometrial cancer10.

Controversies on lymphadenectomy
The standard treatment of endometrial cancer is total 

hysterectomy + bilateral salpingoophorectomy +/- pelvic 
lymphadenectomy +/- para-aortic lymphadenectomy. 
However, the role and extent of complete pelvic and para-
aortic lymphadenectomy remain controversial. Some studies 
reported therapeutic benefits from lymphadenectomy11-13. 
Others reported that lymphadenectomy provided no 
additional therapeutic benefit for early-stage endometrial 
cancer, with similar progression-free survival (PFS) and 
OS between those with or without lymphadenectomy14,15, 
but the proportion of low-risk patients was larger and the 
adjuvant therapy was not standardised in the two studies. 
The risk of lymph node involvement is only 1% to 2%7,16 for 
early-stage low-risk endometrial cancer. In a retrospective 
study of 268 low-risk endometrial cancer patients, 2.4% 
had lymph node metastasis. Although the risk of lymph 
node metastasis is 11.4% for high-risk endometrial cancer 
patients, 88.6% of patients will still receive unnecessary 
lymphadenectomy and thus had morbidities such as 
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lymphedema7. Given the lack of therapeutic benefit, low 
risk of lymph node metastasis, and morbidity, the role of 
complete lymphadenectomy is questionable in low-risk 
endometrial cancer. Some centres advocate complete pelvic 
+/- para-aortic lymphadenectomy for all patients13, whereas 
others advocate lymphadectomy for high-risk endometrial 
cancers only12,17. The strategy of Mayo Clinic is to omit 
complete lymphadenectomy in low-risk endometrial 
cancers8. However, upstaging of disease on final histology 
is not uncommon, only 47% of presumed stage 1A, grade 1 
disease remain so on final histology18. Neither preoperative 
clinical risk factors nor imaging is accurate in predicting 
metastasis to lymph nodes. Magnetic resonance imaging, 
positron emission tomography computed tomography, 
and positron emission tomography magnetic resonance 
imaging have a low sensitivity of 60% to 70%19.

Sentinel lymph node mapping
Sentinel lymph node refers to the first lymph 

node that receives lymphatic drainage from the primary 
malignant tumour. SLNM is based on the presumption 
that lymphatic drainage occurs stepwise from the most 
proximal lymph node to the tumour site to more distal 
lymph nodes. Theoretically, SLN is the first to metastasise 
in a regional lymphatic drainage area. With a negative 
SLN, the whole lymphatic drainage area is considered 
negative for metastasis. SLNM involves selective removal 
of lymph nodes at highest risk of metastasis as identified 
by tracers injected near the primary malignant tumour. The 
detection rate, bilateral detection rate, sensitivity, negative 
predictive value (NPV), and false negative rate of SLNM 
are key parameters for its performance. Detection rate is the 
percentage of patients with at least one SLN being detected. 
Bilateral detection rate refers to the percentage of patients 
with SLN being detected at bilateral pelvis. Sensitivity 
is defined as the proportion of positive SLN to the total 
number of patients with lymph node metastasis. NPV is 
defined as the percentage of patients with negative SLN to 
the total number of patients with negative non-SLN. False 
negative rate is defined as the percentage of patients with 
negative SLN but positive non-SLN. SLNM is the standard 
of practice in breast cancer, vulval cancer, and melanoma. 
SLNM was first reported in 1996 in 15 endometrial cancer 
patients20. The SENTICO-ENDO study in 2011 showed 
a promising result, with a sensitivity of 84% and NPV of 
97%21.

What tracer to inject?
Technetium-99m (Tc-99m), blue dye (isosulfan 

blue, methylene blue), indocyanine green (ICG), and 
combinations of tracers have been used to locate the SLN. 

ICG is the most recommended tracer, owing to its high 
detection rate, consistency, and ease of administration.

Radiolabelled Tc-99m can drain through lymph 
nodes and emit gamma rays that can be detected by 
preoperative nuclear imaging and intraoperative gamma 
counters. Tc-99m is usually injected 1 day before surgery for 
preoperative lymphoscintigraphy, which can be fused with 
single-photon emission computed tomography for greater 
precision22. A collaboration with a nuclear medicine unit 
is required. Injection of tracer is painful to the patient. The 
required injection dose is calculated based on the estimated 
time interval to the surgery; this limits flexibility should the 
surgery be advanced or deferred and requires meticulous 
preoperative planning. Thus, the use of intraoperative 
gamma counters only is proposed22. However, radio-injury 
to surgeons and patients and the lack of equipment remain 
potential problems17,23. The detection rate of Tc-99m is 
lower than that of ICG (53.3% vs 73.8%)24. Tc-99m is 
often used with the colorimetric method to increase the 
detection rate. The gamma counters can identify areas of 
hot signals, and coloured dye can guide the dissection. ICG 
is superior to combined blue dye and Tc-99m, with higher 
SLN detection rate (100% vs 96%) and bilateral mapping 
rate (98.5% vs 76.3%)25. The COMBITEC study concluded 
that there is no benefit to add Tc-99m to ICG, owing to 
increased procedure time and no difference in the SLN 
detection rate26.

Colorimetric lymphatic mapping involves visual 
detection of lymphatic channels with coloured dye in 
white light17. Isosulfan blue is costly and associated with 
a risk of potentially life-threatening allergic reactions27. 
Approximately 1% to 2% of patients experience allergic 
reactions with isosulfan blue. Methylene blue is less 
expensive and associated with much less allergic reactions27. 
However, SLNM with methylene blue is an off-label 
use. It carries a risk of paradoxical methemoglobinemia 
and serotonin syndrome in patients taking serotonergic 
psychiatric medications17. Breast cancer studies showed a 
similar SLN detection rate for isosulfan blue and methylene 
blue27. Injection of methylene blue and ICG to each side 
of the cervix in the same patient showed a higher SLN 
detection rate with ICG than with methylene blue (90.9% 
vs 64.4%)28. The use of ICG increases the SLN detection 
rate per hemi-pelvis by 26.5%28.

ICG emits fluorescent signal in near-infrared light 
range (830 nM wavelength). An equipment for near-
infrared light range imaging is required to identify the SLN 
(Figure). The risk of adverse event is extremely low (0.07% 
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to 0.5%)29, but it should be avoided in patients with iodine 
allergy and hepatic failure because it is metabolised by the 
liver17. ICG has an excellent toxicity profile and higher 
overall and bilateral detection rates, compared with blue 
dye alone or a combination of Tc-99m and blue dye22,30. 
The bilateral mapping rate of SLN was significantly higher 
with ICG than with methylene blue (78% vs 61%) for 
endometrial cancer and cervical cancer31. The complete 
lymphadenectomy rate secondary to failed mapping was 
9% in the ICG group and 28% in the methylene blue group. 
ICG yielded a higher overall detection rate (95% vs 81%) 
and higher bilateral detection rate (85% vs 54%) than 
methylene blue did32. The increase in SLN detection rate 
reduced the need for complete lymphadenectomy in the 
ICG group (39% vs 61%, p<0.001)32.

Where to inject?
Uterine corpus injection can be peri-tumoral, 

subserosal, or myometrial via direct injection, ultrasound 
guidance or hysteroscopy33. Deep and superficial injection 
of ICG at 3 and 9 o’clock or 3, 6, 9, and 12 o’clock of the 
cervix is the most common method34. The mixture involves 
25 mg of ICG powder with 10 to 20 mL of sterile water and  
4 to 8 mL of the diluted ICG solution33,34. Cervical injection 
is easy to master, with high reproducibility and detection 
rate, as cervical deformation secondary to pathology is 
much less common, compared with that in the uterine 
corpus34. The main lymphatic drainage to the uterus is from 
the parametria. Therefore, a combined superficial (1-3 mm)  

and deep (1-2 cm) cervical injection is adequate34. A uterine 
fundal serosa injection is less favoured because it does not 
reflect the parametrial lymphatic drainage34, most early 
endometrial cancer does not invade to the serosal layer, and 
the injection is commonly affected by anatomical uterine 
distortion secondary to fibroid. When initial SLNM fails, 
reinjection with an additional 1 mL of diluted ICG to the 
superficial cervix of the no SLN detection side can increase 
the detection rate35.

A meta-analysis reported that all studies with ≥100 
patients had overall detection rates of >80%, regardless of 
the injection site36. A systematic review reported an overall 
detection rate of 62% to 100% after cervical injection, 
which is higher than the 73% to 95% after uterine corpus 
injection36. A retrospective study of 221 hysteroscopic 
injections reported a high overall detection rate of 
94.1% and bilateral mapping rate of 62.5%24. However, 
hysteroscopic injection is more technically demanding 
than cervical injection, with less reproducible results. A 
combination of cervical and uterine fundus injection can 
increase the detection rate, with an overall detection rate 
being 92.8% for any SLN, 89.2% for pelvic SLN, 61.3% 
for bilateral SLN, and 4% for isolated para-aortic SLN37.

Although cervical injection has higher overall 
detection rate of SLN, it has lower para-aortic SLN detection 
rate than uterine corpus injection. Metastasis to the para-
aortic nodes through gonadal vessels and infundibulopelvic 
ligaments may be missed when cervical injection is used. 
A systematic review reported that cervical injection has a 
higher bilateral SLN detection rate (56% vs 33%) but a 
lower paraaortic SLN detection rate (7% vs 27%, p=0.001), 
compared with uterine corpus injection30. A meta-analysis 
reported that para-aortic mapping was most frequent after 
uterine corpus injection (39%), follow by deep cervical 
injection (17%) and superficial cervical injection (2%)36. 
Compared with cervical injection, hysteroscopic injection 
detects 10% more para-aortic lymph node metastasis and 
is superior in detecting isolated para-aortic SLN (5.8% 
vs 0%)38. Bilateral cornu follow by cervical injection 
increases the upper para-aortic SLN detection rate from 
5.7% to 38.2% and the lower para-aortic SLN detection 
rate from 18.7% to 67.1%, compared with cervical injection 
only39. The number of metastatic para-aortic SLN detected 
increases from 2.4% to 7.9% (p=0.070). Cervical injection 
missed five of eight para-aortic lymph node metastases, but 
none was missed after cornu plus cervical injection.

ICG should be injected after the induction 
of anaesthesia. Dissection of the retroperitoneum is 

Figure. Laparoscopic sentinel lymph node identification in 
endometrial cancer with cervical injection of indocyanine 
green.
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commenced once the injection is completed. It takes a 
median of 10 minutes to complete SLNM for each pelvis 
side28. Most SLNs are identified in the external iliac (38% 
to 50.2%), followed by obturator (25% to 39.8%), infra-
mesenteric para-aortic (14%), common iliac (4.8% to 8%), 
internal iliac (10%), presacral (3%), infrarenal para-aortic 
(1% to 5.2%), and other sites (1%)40,41.

Sentinel lymph node algorithm
 The Memorial Sloan Kettering Cancer Center 
advocates the implementation of the SLN algorithm when 
performing SLNM in endometrial cancer42. The National 
Comprehensive Cancer Network recommends adoption of 
the SLN algorithm to ensure a low false negative rate43. 
The algorithm involves peritoneal and serosal evaluation 
and washings, retroperitoneal evaluation including 
removal of all SLNs and any suspicious nodes, and a side-
specific pelvic, common iliac, and interiliac lymph node 
dissection if there is no mapping in a hemipelvis. A para-
aortic lymphadenectomy is left to the attending surgeon’s 
discretion42. This approach results in approximately 40% 
of patients requiring unilateral and 10% requiring bilateral 
complete lymphadenectomy40. The implementation of 
the algorithm with side-specific lymphadenectomy for 
mapping failure decreases the false negative rate of SLNM 
from 14.9% to 1.9% and increases the sensitivity from 
85.1% to 98.1%, and NPV from 98.1% to 99.8%42. The use 
of the SLN algorithm in endometrial cancer patients after 
SLNM revealed a high sensitivity of 95%, NPV of 99%, 
and low false negative rate of 5%36.

 Frozen section of the SLN is generally not 
performed, owing to its cost, low sensitivity in diagnosing 
low volume metastasis, and potential alteration to 
ultrastaging of the SLN17. Intra-operative frozen section 
has a low sensitivity of 50% to 83% in identifying lymph 
node metastasis44,45. The aim of SLN removal is to guide 
adjuvant therapy, rather than to determine whether complete 
lymphadenectomy should be performed. If a SLN showed 
metastasis, adjuvant chemotherapy should be administered 
to improve survival6.

Performance of SLNM
 SLNM in endometrial cancer has a high detection 
rate, high sensitivity, high NPV, and low false negative 
rate. The FIRES trial with 340 patients receiving SLNM 
through cervical injection of ICG reported a detection 
rate of 86%, bilateral detection rate of 52%, sensitivity of 
97.2%, NPV of 99.6%, and a false negative rate of 3%40. 
Early-stage low-risk cases comprised 71% of cases, and 
the positive lymph node rate was 12%40. A meta-analysis 

involving 4915 patients reported an overall detection rate 
of SLN of 81% (range, 75.4%-90.4%), bilateral pelvic 
node detection rate of 50% (range, 33%-74.6%), and 
paraaortic lymph node detection rate of 17% (range, 6.7%-
26.8%)30. The sensitivity was 96%30. When early-stage 
low-risk endometrial cancer (with low risk of lymph node 
metastasis) comprises most cases, SLNM is accurate for 
lymph node assessment and is widely accepted as a routine 
procedure for staging.

 In early-stage high-risk endometrial cancer, the 
evidence is not as strong, as the number of such cases is 
relatively small. In the SENTI-ENDO study in 2011 using 
blue dye with Tc-99m, all three false negative cases among 
133 cases occurred in patients with type 2 histology. A 
retrospective multicentre study in 2015 that included the 
SENTI-ENDO cohort reported an exceedingly high false 
negative rate of 20% for high-risk endometrial cancer46, 
raising the concern of the effectiveness of SLNM in high-
risk endometrial cancer21. The higher risk of lymph node 
metastasis in high-risk cases also increases the concern 
of missing a metastatic case, leading to understaging and 
inappropriate adjuvant treatment, thereby compromising 
patient survival. Nonetheless, early-stage high-risk 
endometrial cancer was comparable with low-risk 
endometrial cancer in terms of sensitivity, NPV, and 
false negative rate of SLNM. In a prospective study 
that evaluated 101 patients with high-risk endometrial 
cancer (grade 3, serous, clear cell, carcinosarcoma) who 
underwent pelvic and para-aortic lymphadenectomy, the 
detection rate of SLN per patient was 89%, the bilateral 
detection rate was 58%, and the sensitivity was 95%40. Only 
one patient had bilateral negative SLN and positive non-
SLNs on final pathology (false negative). In a retrospective 
review of 128 patients with high-risk endometrial cancer 
(endometrioid grade 3, serous, clear cell, carcinosarcoma, 
undifferentiated), the overall detection rate was 89.8% for 
SLN and 63.2% for bilateral SLN, the overall sensitivity 
was 95.8%, the NPV was 98.2%, and the false negative rate 
was 4.2%47. In the SHREC trial, a prospective study with 
257 stage I-II endometrial cancer cases with adherence to 
the SLN algorithm, the sensitivity and NPV for lymph node 
involvement was 100%, with a bilateral mapping rate of 
95%48. The SENTOR study included only early-stage high-
grade endometrial cancer; all patients underwent SLNM 
followed by complete lymphadenectomy, with adherence 
to the SLN algorithm49. Node positive disease was found 
in 17% of patients; the SLN detection rate per patient was 
97.4%, the bilateral detection rate was 77.6%, the sensitivity 
was 96%, the NPV was 99%, and the false negative rate was 
4%. Only one (0.6%) patient was misclassified by the SLN 
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algorithm. A meta-analysis including 16 studies targeting 
high-grade endometrial cancer with cervical injection of 
ICG reported a detection rate of 91% per patient, a bilateral 
detection rate of 64%, with a sensitivity of 92%, NPV of 
97%, and false negative rate of 8%50. These studies showed 
that in high-risk early-stage endometrial cancer, SLNM is 
also feasible with a high detection rate, sensitivity, NPV, 
and low false negative rate.

Obesity, surgeon experience, and lymphovascular 
space invasion decrease the detection rate of SLNM36,51-53. A 
retrospective study with 472 cases reported that cases with 
successful and unsuccessful mapping had a median body 
mass index of 29.8 kg/m2 and 34.7 kg/m2, respectively53. A 
meta-analysis reported that all studies with ≥100 patients 
had an overall detection rates of >80%, indicating the 
importance of surgical experience in achieving a high 
detection rate36. After the first 30 cases, the rate of successful 
mapping significantly increased from 77% to 94%52. A 
Korean study reported that at least 27 cases were required 
to achieve proficiency in SLNM54. The learning curve for 
successful bilateral mapping plateaus at around 40 cases55. 
Before competence in SLNM is achieved, an add-on 
completion pelvic lymphadenectomy is recommended to 
avoid missing any lymph node metastasis and to establish 
the performance and accuracy17.

Benefit of SLNM
SLNM offers an appropriate balance between 

morbidity of a complete lymphadenectomy and the risk of 
missing lymph node metastasis. SLNM is a relatively safe 
procedure with no adverse events35. Lymphadenectomy 
is associated with complications such as lymphedema 
(37%), lymphocele (17%), lymph-ascites, and peripheral 
nerve injury and vessel injury56. The risk of lymphedema 
correlates with the number of lymph nodes removed, 
with the risk increasing from <8% with <5 lymph nodes 
removed to 30% to 40% with >15 lymph nodes removed57. 
The chance of infected lymphocyst also increases with 
the increasing number of pelvic lymph nodes removed58. 
SLNM reduces the number of lymph nodes removed, thus 
reducing the risk of complications. In a study comparing 
SLNM (n=642, 57%) with complete pelvic and para-
aortic lymphadenectomy (n=493, 43%) based on clinical 
high-risk factors (grade 3 cancer and/or primary tumour 
diameter >2 cm) in two centres, the median number of 
lymph nodes removed was six in the SLNM group and 
34 in the complete lymphadenectomy group, whereas 
the median number of para-aortic lymph nodes removed 
was 5 and 16, respectively59. SLN removal alone resulted 
in a lower incidence of leg lymphedema than complete 

pelvic and paraaortic lymphadenectomy (1.3% vs 18.1%, 
p=0.0003)60. In a retrospective review of 348 patients, 
lymphocele was found in 3.4% (n=6/178) of SLNM-only 
patients, compared with 14.1% (n=24/170) in the SLNM 
with complete lymphadenectomy group (p=0.009)61. 
Complete lymphadenectomy was the only risk factor for 
lymphocele in a multivariate analysis (odds ratio=3.68, 
p=0.009)61. The operative time (244 min vs 140 min), 
blood loss (240 mL vs 94 mL), length of hospital stay, 
and postoperative complication were lower in the SLN 
removal group than in the complete lymphadenectomy 
group16,62. A before and after study reported that adoption 
of SLNM decreased the mean number of pelvic lymph 
nodes removed (15 vs 4, p<0.0001), the mean operative 
time (181 min vs 137 min, p<0.0001), the estimated 
blood loss (80 mL vs 56 mL, p=0.004), and the rate of 
postoperative complications (13% vs 5.2%, p=0.04)63. The 
mean additional operative time for removal of SLN was 
33 min; 91 min were saved compared with a complete 
pelvic and paraaortic lymphadenectomy60. A retrospective 
review of 154 endometrial cancer patients with 109 SLNM 
procedures reported that the adoption of SLNM spared 
26 pelvic and para-aortic lymphadenectomy64. SLNM 
minimised surgical risk without compromising oncological 
safety, thereby improving the quality of life of patients.

SLNM increases the identification of lymph 
node metastatic disease, with a lower number of 
lymph nodes removed when compared with complete 
lymphadenectomy65,66. SLNM allows more accurate 
assessment of the lymph nodes status in endometrial 
cancer. An increase detection of lymph node involvement 
with SLNM is associated with an increase in detection 
of stage IIIC disease. In the FIRES trial, 17% of the 
positive SLN were found in regions outside the routine 
lymphadenectomy area (eg pre-sacral area) and would 
have been missed if SLNM was not performed40. Similarly, 
in the SENTOR trial, 26% of node positive cases were 
outside routine lymphadenectomy boundaries or required 
immunohistochemistry (IHC) for diagnosis49. More stage 
IIIC1 disease were identified in the SLNM group than the 
complete lymphadenectomy group (16.7% vs 7.3%)66. 
Comparing 661 endometrial cancer cases with pelvic 
+/- para-aortic lymphadenectomy with 119 endometrial 
cancer cases with SLNM + pelvic +/- para-aortic 
lymphadenectomy, the SLNM group had more lymph node 
metastasis detected (30.3% vs. 14.7%, p<0.001), more 
stage IIIC (30.2% vs 14.5%, p<0.001), and received more 
chemotherapy + radiation (28.6% vs 16.3%, p<0.003)65. 
The SLN was the only metastasis in 50% of SLNM cases 
with positive nodes, and the SLN false negative rate was 
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1/36 (2.8%)65. In a retrospective study on high-risk early-
stage endometrial cancer, the SLNM group had more 
pelvic node metastases detected than the non-SLNM 
group (pelvic +/- para-aortic lymphadenectomy) [26.7% vs 
14.3%, p=0.02] and received more adjuvant chemotherapy 
(48% vs 33.5%, p=0.03)67. In meta-analysis including 1249 
(35.3%) patients with SLNM and 2287 (64.7%) patients 
with complete lymphadenectomy, positive pelvic nodes 
were detected in 184/1249 (14.7%) patients with SLNM and 
228/2287 (9.9%) patients with complete lymphadenectomy 
(odds ratio=2.03, p=0.002). No difference in detection 
of positive nodes located in the paraaortic region was 
observed (odds ratio=93)68. SLN biopsy upstaged 10% of 
patients with low risk and 15% of those with intermediate 
risk endometrial cancer21. Patients staged with SLNM were 
more likely to receive adjuvant treatment30,65, because 
of the higher detection rate of metastatic disease. These 
data indicate that SLNM is more accurate in identifying 
lymph node metastasis and provides better guidance to 
adjuvant therapy. The higher detection rate is partly due to 
ultrastaging. SLNM can identify lymph nodes at particular 
high risk of metastasis, allowing pathologist to concentrate 
on these smaller number of more relevant lymph nodes 
with ultrastaging.

Ultrastaging and low volume metastasis
Ultrastaging is a pathological technique to increase 

the accuracy of lymph node assessment. In the SENTOR 
study, 26% of node-positive cancer were identified outside 
traditional pelvic lymph node boundaries or required 
IHC for diagnosis49. Initial pathological examination 
only detects half of the lymph node metastasis, whereas 
ultrastaging detects the other half in the form of low 
volume metastasis24,40. There is no standardised protocol 
for ultrastaging and various protocols have been reported69. 
More comprehensive and exhaustive protocols do not 
appear to be superior in comparative studies69,70. In 
essence, it involves performing more serial sections 
of the negative SLN and the use of IHC for cytokeratin 
rather than only haematoxylin and eosin (H&E) staining. 
In the FIRES trial, SLN were cut at 3-mm intervals, in a 
bread loaf fashion, or bivalved if <1.5 cm. Two paraffin 
embedded slides were created from each section, 50 um 
apart. One slide was stained for H&E and the other for 
IHC if no metastatic disease was found on the H&E slide40. 
Ultrastaging picks up low volume metastasis, which is not 
detected by routine histology, thereby increasing detection 
of lymph node metastasis. Similar to axillary SLN of breast 
cancers, macrometastasis is defined as foci of metastasis of 
>2 mm. Low volume metastasis includes micrometastasis, 
which is defined as metastasis of 0.2-2 mm, and isolated 

tumour cells (ITC), which is defined as foci of metastasis 
<0.2 mm or cells stained positive for cytokeratins40. IHC and 
serial sectioning were shown to detect metastases 
undiagnosed by conventional histology in 8% patients 
with detected SLN, representing 47% of metastases21. 
In a retrospective study with 26 lymph node metastases 
identified, 46.2% were macrometastases, 23.1% were 
micrometastases, and 30.7% were ITCs24. In the FIRES 
trial, 54% of positive lymph nodes are micrometastasis or 
ITC40. Among the low volume metastasis cases, 47% were 
micrometastases and 53% were ITCs. In high-risk early-
stage endometrial cancers, 40% of positive SLN were 
detected only after IHC67. The risk of ITC increases with 
depth of myometrial invasion: 25% for deeply invasive 
grade 1/2 and 18% for deeply invasive grade 3 tumours71. 
The clinical implications of micrometastasis and ITC are 
yet to be determined. Excellent prognosis of ITC patients 
after receiving adjuvant therapy was demonstrated: the 
PFS at 3 years was 95.5%, similar to node negative 
patients (87.6%) and micrometastasis patients (85.5%), 
and better than patients with macrometastasis (58.5%)72. 
The survival rate was comparable between those with node 
negative disease and those with micrometastasis treated 
with adjuvant chemotherapy, but the survival rate was 
worse for those with micrometastasis without adjuvant 
therapy73. This supports the need of adjuvant therapy 
for micrometastasis. However, the benefit of adjuvant 
therapy for ITC is not proven. ITC is not considered as 
stage IIIC disease but should be noted on staging. The 
National Comprehensive Cancer Network recommends to 
designate ITC as stage pN0 (i+)43. In a world-wide survey 
of gynae-oncologists in 2019, 52% recommended adjuvant 
therapy if micrometastases were detected, but only 13.8% 
recommended adjuvant therapy for ITC10. Further studies 
are required to clarify the impact of low volume metastasis 
on prognosis and whether adjuvant therapy should be 
given. 

Oncological safety of SLNM
The decrease in radicality of surgery with SLNM 

does not compromise oncological safety in terms of OS 
and PFS66,74,75. The long-term results of the SENTI-ENDO 
study with a median follow-up of 50 months and 14.4% 
rate of recurrence, the 50 months recurrence-free survival 
(RFS) was 84.7%, with no difference between patients 
with and without detected SLN (p=0.09)76. In 802 patients 
with preoperative stage 1 endometrial cancer, positive 
pelvic lymph nodes were found in 16.7% of patients 
who underwent surgical staging by SLNM +/- complete 
lymphadenectomy and in 7.3% of patients who underwent 
complete lymphadenectomy (p=0.002)66. Three-year 
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disease-free survival was 90.4% in the SLNM group and 
89.6% in the complete lymphadenectomy group.

 No difference in survival was found in patients 
with uterine serous carcinoma undergoing SLNM alone 
versus complete lymphadenectomy. In a retrospective 
study involving 245 cases with 60.1% of stage I or II cases, 
the 2-year OS was 96.6% in the SLNM and 89.6% in the 
complete lymphadenectomy group (p=0.8), whereas the 
2-year OS in those with stage III disease was 73.6% in the 
SLNM group and 77.3% in the complete lymphadenectomy 
group (p=0.8)77.

 In a multi-institutional retrospective study evaluating 
long-term outcomes (≥3 years) of endometrial cancer 
patients who underwent (1) complete lymphadenectomy, 
(2) SLNM followed by lymphadenectomy, or (3) SLNM 
alone, the three groups were comparable in terms of DFS 
and OS78. The treatment strategies did not affect survival 
outcomes after stratification into low-, intermediate-, and 
high- risk patients.

 In addition, the recurrence rate was comparable after 
SLNM or complete lymphadenectomy. In a retrospective 
study with 279 patients (103 with no lymphadenectomy, 
118 with SLN removal, 59 with pelvic +/- para-aortic 
lymphadenectomy), the risk of recurrence was comparable 
after complete lymphadenectomy or SLN removal59. In a 
meta-analysis including 1249 (35.3%) patients with SLNM 
and 2287 (64.7%) patients with lymphadenectomy, the 
overall recurrence rate was 4.3% and 7.3%, and the nodal 
recurrence rate was 1.2% and 1.7%, respectively68.

 Some studies reported an improvement in survival 
with SLNM. In a retrospective study with 472 consecutive 
patients with endometrial cancer who underwent either 
SLNM and complete lymphadenectomy (n=275) or 
complete lymphadenectomy (n=197) from sequential, 
non-overlapping historical time points, there was no 
significant difference in overall RFS between the two 
groups at 48 months79. Patients with SLNM and complete 
lymphadenectomy had a reduced recurrence rate in the 
pelvic sidewall (30% vs 71.4%) and thus improved RFS 
(hazard ratio=0.32)79. Similarly, in a study with 193 patients 
with complete lymphadenectomy and 250 patients with 
SLNM and completion lymphadenectomy after a median 
follow-up period of 6.9 years, the addition of SLNM 
was associated with improved 6-year OS (90% vs 81%, 
p=0.009), improved 6-year PFS (85% vs 75%, p=0.01), 
and improved 6-year RFS (95% vs 90%, p=0.04)80. This 

improvement in survival may be due to the more accurate 
lymph node assessment by SLNM and ultrastaging, thus 
allowing more accurate provision of adjuvant therapy.

 The comparison on oncological safety is hindered  
and complicated by the fact that only a small number 
of studies compared SLNM only with complete 
lymphadenectomy, while most studies compared SLNM 
and completion lymphadenectomy with complete 
lymphadenectomy only, particularly for high-risk 
early-stage endometrial cancer. Moreover, para-aortic 
lymphadenectomy is not performed in many of the studies. 
The survival comparison is also affected by the imbalance 
of adjuvant therapy given and the lack of prospective 
study and long-term follow-up. Nonetheless, studies are 
supportive of SLNM, with a similar survival rate but lower 
morbidity. Both the International Federation of Gynecology 
and Obstetrics and the National Comprehensive Cancer 
Network supported the use of SLNM with adherence to the 
SLN algorithm in early-stage endometrial cancer33 and in 
high-risk early-stage endometrial cancer81, although 66% 
of gynae-oncological surgeons among 69 countries self-
reported to perform a backup lymphadenectomy in high-
risk patients10.

Non-SLN metastasis
 There are concerns over non-SLN metastasis that 
are not removed when the SLN algorithm is adopted. In 
a study with 268 endometrial cancer treated with SLNM 
and lymphadenectomy, 16% of patients were found to have 
SLN metastasis, and non-SLN metastases were found in 
34.8% of patients with positive SLN82. In cases of low 
volume metastasis, the risk of having another positive 
lymph node was only 5%82. A prospective study with  
200 cases reported a 40% rate of non-SLN metastasis83. 
Lymph nodes should be inspected carefully intra-
operatively, and strict adherence to the SLN algorithm with 
removal of macroscopically suspicious lymph nodes should 
be performed. Theoretically, non-macroscopic metastasis 
can be controlled with adjuvant therapy6. A retrospective 
study comparing SLNM only with SLNM plus backup 
lymphadenectomy reported that backup lymphadenectomy 
removed 11% non-SLN metastasis but had no impact on 
survival84. However, further studies are required to clarify 
the optimal strategy to tackle non-SLN metastasis. The 
role of repeat surgery to remove the remaining lymph 
nodes that are not macroscopically involved is doubtful, 
because adjuvant chemotherapy can treat the non-SLN 
metastasis and repeat surgery carries surgical risk and 
delays chemotherapy administration.
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