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Abstract

The technique of sentinel lymph node biopsy has been widely used in early endometrial cancer in recent years, and a large
number of evidence-based medical studies have now supported the therapeutic efficacy of sentinel lymph node biopsy as an
alternative to traditional systematic lymph node dissection. Recently, more studies have found that sentinel lymph node
biopsy is also effective for high-risk endometrial cancer, which can minimize surgical morbidity while providing accurate
staging. As an enhanced pathology detection technique, pathology hyper staging can further increase the detection rate of tu-
mor micrometastases in sentinel lymph nodes, which can compensate for the limitations of conventional pathology detec-

tion, guide the treatment modalities other than surgery, and thus improve the long-term prognosis of patients.
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Introduction

The three major malignant tumors of the female reproductive system are cervical, ovarian and endometrial cancer. With the
popularization of the HPV vaccine and cervical screening, the incidence of cervical cancer has been greatly reduced; however,
the incidence of endometrial cancer (EC) has been increasing annually. According to a series of relevant data released by the
Chinese Anti-Cancer Association in 2019, the incidence and mortality rates of endometrial cancer in China are 10.28/100,000
and 1.9/100,000, respectively [1]. In clinical practice, early endometrial cancer treatment is primarily based on surgery. In re-
cent years, sentinel lymph node biopsy (SLNB) combined with pathological ultra-staging has gained strong support from evi-
dence-based medical research, establishing itself as a mature alternative to systematic lymph node dissection. This review aims
to comprehensively evaluate the evolving role of SLNB combined with pathological ultra-staging in both early-stage and high-
-risk endometrial cancer, critically appraising its diagnostic accuracy, clinical utility, impact on adjuvant therapy decisions, and

areas of ongoing debate.

Development of Endometrial Cancer Treatment Program

American scholars BURKE et al. [2] conducted a study in the medical background of 1996 and found that the incidence of
pelvic or para-abdominal aortic lymph node metastasis was approximately 60% in patients with endometrial cancer. Such me-
tastases are considered to be a key factor affecting prognosis and are strongly associated with a significant increase in the rate of
disease recurrence as well as a decrease in overall patient survival. Therefore, lymph nodes have attracted attention as an impor-
tant part of endometrial cancer surgery. Subsequently, between 2006 and 2008, the National Comprehensive Cancer Network
(NCCN) guidelines recommended systematic lymphatic drainage for all patients with endometrial cancer, regardless of stage.
Thus, the standardized surgical approach for endometrial cancer was finalized as follows: total extra fascial hysterectomy + bi-

lateral salpingo-oophorectomy + pelvic lymph node dissection (PLD) * para-aortic lymphatic dissection (PALD) [3].

Endometrial cancer is frequently accompanied by comorbidities such as obesity and diabetes, contributing to elevated surgical
complexity and perioperative risk. Notably, lymph node metastasis occurs in less than 10% of early-stage cases, indicating that
systematic lymphadenectomy may offer no therapeutic benefit to the majority of patients while exposing them to potential com-
plications. In 2008, Benedetti et al. [4] found that there was no significant difference in the five-year tumor-free survival rate be-
tween patients with early-stage endometrial cancer who had their lymph nodes cleared and those who did not. Extensive dissec-

tion adversely affects patients' postoperative recovery and quality of life [5], negatively affecting the surgical gain.

Therefore, with the concepts of "precision diagnostic medicine" and "minimally invasive treatment of tumors," the technique of
sentinel lymph node biopsy emerged and has been promoted in the clinic. Its therapeutic efficacy has been supported by a large
number of evidence-based studies, and it has gradually been regarded as an alternative to systematic lymph node dissection is

gradually being recognized as an alternative to systematic lymph node dissections.

Sentinel Lymph Node

The concept of "sentinel lymph node" was first proposed by American scholars Could et al. [6] in a study of parotid cancer in
1960. The sentinel lymph node (SLN) refers to the initial lymphatic tissue in the drainage area of the primary tumor and is the
first lymphatic tissue through which lymph node metastasis from the primary tumor must occur. As a barrier to block the

spread of cancer cells from lymph, its clinical significance is self-evident.

In the 1990s, sentinel lymph node biopsy was first applied in breast cancer surgery, and its low-damage and high-efficiency
treatment greatly reduced the burden of traditional radical tumor surgery, which became one of the important milestones in

surgery field. Since then, an increasing number of malignant tumors have been treated with expanded radical surgical options,
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and surgical approaches for malignant tumors, such as penile cancer, melanoma, vulvar cancer, and uterine cervix cancer, have

been gradually adapted, which has posed a challenge to traditional lymphatic dissection in the clinic.

Sentinel Lymph Node and Early Endometrial Cancer

The application of SLNB in endometrial cancer involves selecting an appropriate tracer and injection method. Commonly used
clinical tracers include bioactive dyes (e.g., methylene blue), radionuclide-labeled agents (e.g., 99Tcm-sulfur colloid), and fluo-
rescent tracers (e.g., indocyanine green, ICG). Among these, ICG has demonstrated a superior bilateral detection rate (>90%),
high tissue affinity, rapid metabolism, and a favorable safety profile, making it the most widely adopted tracer in current prac-
tice [7-10]. Regarding injection techniques, both uterine (fundal/myometrial) and cervical injection routes are employed. Com-
parative studies indicate that lymphatic drainage pathways to pelvic lymph nodes are consistent between the two method-
s [11]. However, the cervical injection approach is generally favored in clinical settings due to its easier execution and higher bi-
lateral detection rate compared to uterine body injection [12]. The choice may be adjusted based on specific surgical conditions

(e.g., laparoscopic vs. open approach).

The landmark SENTI-ENDO trial, a prospective study by Ballester M et al., enrolled 125 patients with stage I-II endometrial
cancer using a dual-tracer (radionuclide and blue dye) cervical injection [13]. It reported an SLN detection rate of 88.8%, a sen-
sitivity of 84%, and a negative predictive value (NPV) of 97%, confirming the technique's feasibility and safety. Notably, no op-
eration-related complications or allergic reaction events were observed throughout the study, strongly confirming the safety
and feasibility of this technique for clinical application. However, due to the limitations of the study, such as the number of cas-

es included and the small total number of lymph node dissections, it did not attract much attention at that time.

Subsequently, the pivotal FIRES trial, a multicenter prospective cohort study by Rossi EC et al., significantly elevated the evi-
dence level for SLNB [14]. Employing cervical injection of ICG in 385 stage I patients, it compared SLNB followed by systemat-
ic lymphadenectomy. The study demonstrated a sensitivity of 97.2% and an NPV of 99.6% for detecting lymph node metasta-
sis. Notably, most participating surgeons had limited prior SLNB experience, underscoring the technique's learnability. These
robust outcomes supported the upgrade of SLNB to a Category 2A recommendation in the 2017 NCCN guidelines for early-s-

tage disease.

Sentinel Lymph Nodes and High-Risk Endometrial Cancer

High-risk EC refers to aggressive histologic type, deep myometrial invasion, and lymph vascular infiltration. In particular, the
2023 updated FIGO document clearly states that the aggressive histologic types include G3 endometrioid adenocarcinomas,
clear cell carcinomas, undifferentiated carcinomas, plasma adenocarcinomas, carcinosarcomas, mixed carcinomas, and other
rare types (e.g., mesonephric tubular adenocarcinomas, gastrointestinal mucinous adenocarcinomas, etc.) [15]. Patients with
high-risk types of EC have a high rate of lymph node metastasis and may be at risk for independent metastasis to the para-ab-
dominal aorta lymph nodes, with a greater risk of requiring further postoperative treatment. Adopting SLNB in such patients

could therefore minimize surgical morbidity while maintaining accurate staging.

The prospective SHREC trial study by Jan P and other scholars published in the European Journal of Cancer [16], investigated
the feasibility of SLNB applied to high-risk endometrial cancer. This non-randomized trial was conducted at three Swedish
medical centers and included 257 patients with high-risk EC. All enrolled patients underwent SLNB combined with systematic
pelvic lymph node dissection (PLD) and para-abdominal aortic lymph node dissection (PALD) extending to the level of the re-
nal vein. The study data showed that the SLNB technique could identify high-risk EC lymph node metastases with the same sen-
sitivity of 98% and negative predictive value of 99.5%, with a bilateral anterior sentinel lymph node identification rate of 95%.

Based on the specificity of the distribution of sentinel lymph nodes in endometrial cancer, this study concluded that the scope
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of SLNB efficacy assessment should exclude the para-abdominal aortic region. Nonetheless, its findings clearly support the safe-
ty and efficacy of SLNB in high-risk EC patients and establish it as a reliable alternative to conventional systemic lymph node

dissection techniques.

Non-SLN metastasis is a key concern in the treatment of high-risk EC, and due to the presence of false-negative biopsy speci-
mens in such patients, caution should be exercised in choosing whether sentinel lymph node biopsy or systematic lymph node
dissection is beneficial for these patients. In 2020, scholars Taskin et al. [17] showed that SLN metastasis was accompanied by
non-SLN metastasis in 61.2% of patients, as patients who had received chemotherapy postoperatively did not have direct non-
SLN metastasis. Received chemotherapy, there is no direct evidence that these unresected positive lymph nodes have an impact

on patient survival.

Subsequently, the safety and reliability of SLNB for high-risk EC were confirmed by a retrospective controlled study published
in Gynecol Oncol by scholar Sharonne H et al. [18], which collected a total of 189 patients with high-risk endometrial cancer
from January 2014 to September 2020 at Mount Sinai College, USA. Based on the surgical staging strategy, the subjects were cat-
egorized into a sentinel lymph node biopsy group (SLN group) and a systematic lymph node dissection group (LND group).
Survival analysis showed that the 3-year progression-free survival (PES) rates of the two groups were highly similar (SLN
group: 71.1% vs. LND group: 71.3%; P=0.91). In terms of overall survival (OS), the 3-year OS was 81.1% in the SLN group and
95.1% in the LND group. However, after multivariate analysis to correct for confounding factors such as age, adjuvant treat-
ment regimen, and surgical approach, the risk ratio (HR) of death in the SLN group compared with the LND group was 2.90
(P=0.06), and the difference did not reach a significant level. Taken together, these results showed that there was no significant
difference between the staging of sentinel lymph node assessment and the traditional approach in the 3-year overall survival of

patients with high-risk endometrial cancer.

The use of SLNB in patients with high-risk EC has become one of the recognized choices according to the public announce-
ments of the 2024 NCCN guidelines [19] and the 2021 ESGO/ESTRO/ESP guidelines for the management of patients with en-
dometrial cancer [20]. With the emergence of various studies and the improvement of evidence-based medicine, it has been
proven that the technique of sentinel lymph node biopsy has a high application value in the surgical treatment of patients with

endometrial cancer.

Pathological Ultra-Staging

Pathological ultra-staging is an enhanced pathological technique designed to detect low-volume metastatic disease in lymph
nodes that may be missed by conventional hematoxylin and eosin (HE) staining. It typically involves serial sectioning of lymph
node tissue at thin intervals, followed by evaluation with both HE and immunohistochemistry (IHC) staining. If necessary,
molecular techniques such as reverse transcription-polymerase chain reaction (RT-PCR) can be supplementary [21]. This
method enables the identification of metastases categorized as macrometastases (>2 mm), micrometastases (0.2-2 mm), or iso-

lated tumor cells (<0.2 mm) [22].

The clinical utility of ultra-staging lies in its significantly higher detection rate for nodal micrometastases. A 2023 Chinese
study on early cervical cancer demonstrated that while conventional pathology detected macrometastases in 10% of patients,
the additional use of ultra-staging identified micrometastases or isolated tumor cells in a further 10.2% of node-negative cas-

es [23].

In endometrial cancer, this technique has been shown to increase the detection rate of lymph node micrometastases by approxi-
mately 20% compared to standard evaluation. This increased detection directly impacts postoperative management [24]. Evi-

dence indicates that lymph node micrometastases are associated with decreased disease-free survival in endometrial cancer,
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and adjuvant therapy can improve outcomes in these patients [25]. Consequently, the identification of micrometastatic disease
through ultra-staging provides critical information for guiding adjuvant treatment decisions, promoting a more personalized

approach to therapy.

According to a study from 69 countries around the world on the views of follow-up adjuvant therapy for SLN micrometastases
of different degrees, 13.8% of physicians recommended adjuvant therapy for patients with SLN with a single tumor cell; howev-
er, 58.9% of physicians preferred discretionary treatment based on individual patient risk factors. Moreover, 52% and 89.4% of
physicians believed that adjuvant therapy should be performed for patients with micrometastases and macrometastases, regard-
less of the presence of high-risk factors; 52% and 89.4% believed that patients with micrometastases and macrometastases

should be treated with adjuvant therapy, metastases should be treated with adjuvant therapy [26].

Currently, there is a lack of uniform standardization in the operation procedure of pathological ultra-staging for SLN of en-
dometrial cancer, and its limitations are mainly reflected in several key aspects: including the number of section preparation re-
quirements, the thickness standard of section interval, the control of deep cuts of the tissue block, and the routine application
strategy of immunohistochemical staining (IHC) have not yet reached a consensus. Therefore, more studies are needed to pro-

vide evidence to further optimize the SLN hyper staging technique and promote its clinical popularity.

Discussion

Sentinel lymph node biopsy, particularly when combined with pathological ultra-staging, represents a transformative approach
in the surgical management of endometrial cancer. This review synthesizes current evidence to delineate its evolving role, pin-

point its clinical impact, and address persisting controversies.

SLNB in Endometrial Cancer Staging: From Alternative to New Standard

The body of evidence from major prospective trials (SENTI-ENDO, FIRES, SHREC) has firmly established the safety and high
diagnostic accuracy of SLNB for both early-stage and high-risk endometrial cancer [13, 14, 16]. Its clinical adoption is growing
rapidly, with international surveys indicating that over half of gynecologic oncologists in Europe and the United States have in-
tegrated it into practice [27]. The technique’s principal advantages extend beyond a high negative predictive value. It significant-
ly reduces surgical morbidity associated with systematic lymphadenectomy, such as lymphedema, lymphocyst formation, and
neurovascular injury, thereby improving patient quality of life without compromising staging integrity. This shift aligns with

the broader oncological principles of minimally invasive and precision surgery.

Impact of Pathological Ultra-Staging on Adjuvant Therapy Decisions

The true value of SLNB is amplified by pathological ultra-staging. While SLNB anatomically targets the nodes most likely to
harbor disease, ultra-staging pathologically interrogates them with heightened sensitivity [28]. As reviewed, this combination
increases the detection of nodal metastases by approximately 20%, primarily by identifying micrometastases (MIC) and isolat-

ed tumor cells (ITC) [23, 25]. This diagnostic refinement has direct therapeutic implications.

The presence of low-volume metastatic disease, previously undetected, is now recognized as a significant prognostic factor asso-
ciated with reduced disease-free survival [24]. Consequently, ultra-staging directly informs adjuvant therapy paradigms. For ins-
tance, the detection of macrometastasis (MAC) universally prompts consideration of adjuvant therapy. However, the finding of
MIC or ITC introduces nuance, guiding a more personalized risk-benefit discussion. Current practice, as reflected in expert sur-
veys, shows a trend toward offering adjuvant therapy for MIC, while management of ITC is more individualized, based on the

presence of other high-risk uterine factors [26]. Thus, ultra-staging transforms SLNB from a mere staging tool into a critical de-
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cision-point generator for personalized postoperative care.

Controversies and Patient Selection in High-Risk Endometrial Cancer

The application of SLNB in high-risk EC, though endorsed by recent guidelines [19, 20], remains an area of active debate. Key

controversies necessitate careful patient selection and surgical planning.

¢ Non-SLN Metastasis and False-Negatives: A primary concern is the risk of non-sentinel lymph node metastasis in the
presence of a negative SLN (false-negative rate) or in a different nodal basin despite a positive SLN. Studies like Taskin
et al. remind us that SLN positivity can be associated with non-SLN metastasis in over 60% of cases [17]. This
underscores that while SLNB is an excellent staging tool, it is not a perfect therapeutic one in high-risk histologies. The
false-negative rate, though low in trials (2-3%), is not zero and may be higher outside rigorous protocols [14, 18].
Therefore, meticulous surgical technique (e.g., bilateral mapping, use of dual tracers) and adherence to a well-defined

algorithm for side-specific lymphadenectomy in cases of mapping failure are paramount.

o Criteria for Patient Selection: Not all high-risk patients are equal candidates. The decision to use SLNB must be
nuanced. It appears most robust for high-risk histologic types (e.g., G3 endometrioid) confined to the uterus. Its role in
cases with grossly enlarged nodes, suspected extensive extrauterine disease, or very aggressive subtypes (e.g.,
carcinosarcoma) with a high propensity for hematogenous spread is less clear and may warrant a more traditional or
hybrid approach. The retrospective data from Holtzman et al., showing comparable survival outcomes, is reassuring but
requires validation in larger, prospective cohorts [18]. Ultimately, the choice should be individualized, weighing tumor

biology, patient comorbidities, and surgical expertise.

Future Directions and Integration with Molecular Profiling

The future of endometrial cancer management lies in the integration of anatomic staging (via SLNB) with molecular characteri-
zation. The 2013 Cancer Genome Atlas (TCGA) reclassification of EC into four molecular subtypes has profound prognostic
and predictive implications [29]. Emerging data suggest that molecular subtype can predict patterns of recurrence and response
to adjuvant therapy [30]. Future research must explore the correlation between SLN status (including ultra-staging findings)

and molecular subtypes to refine risk stratification further.

Furthermore, technologies like one-step nucleic acid amplification (OSNA), which provides intraoperative molecular assess-
ment of SLNs, and advanced imaging techniques hold promise to streamline and enhance the diagnostic pathway [25, 31]. The
goal is a fully integrated diagnostic system where surgical staging, enhanced pathology, and molecular profiling converge to
guide a perfectly tailored multimodal treatment plan, optimizing both survival and quality of life for all patients with endome-

trial cancer [32].
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