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ABSTRACT

BACKGROUND: Endometrial cancer is the most common malignancy of the female reproductive system, typically diagnosed
at an early stage. Currently, one of the most widely used methods for sentinel lymph node mapping and biopsy in stage |
endometrial cancer is indocyanine green (ICG) mapping followed by ultrastaging.

AIM: The work aimed to evaluate the feasibility and optimal approach to ultrastaging of sentinel lymph nodes after ICG mapping
across different risk groups for lymphatic metastasis in stage | endometrial cancer.

METHODS: A cohort study included 286 patients with confirmed stage cT1a—T1bNOMO endometrial cancer treated at the
Department of Oncogynecology No. 70, Moscow S.P. Botkin Multidisciplinary Clinical and Research Center, and at the Kaluga
Regional Clinical Oncological Dispensary between 2023 and 2024. All patients underwent sentinel lymph nodes biopsy with ICG
mapping using indocyanine green, followed by ultrastaging.

RESULTS: Bilateral sentinel lymph nodes detection rate was 70.9%. The incidence of N1 disease was 3.6% in the low-risk
group, 12.8% in the intermediate-risk group, and 21.3% in the high-risk group. There was a trend toward increasing proportions
of macrometastases as the risk increased from low to high. Metastatic involvement identified solely by immunchistochemistry
accounted for 28.3%.

CONCLUSION: Sentinel lymph nodes biopsy is feasible across all risk groups for lymphatic metastasis except in patients at
high risk, who, according to the 2023 FIGO endometrial cancer classification, would be assigned to stage Il disease. In this
cohort, complete lymphadenectomy is recommended.
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AHHOTALMUA

O6ocHoBaHMe. Pak Tena MaTku — Hanbonee pacnpocTpaHEHHOE OHKONOTMYECKOe 3abosieBaHMe KEHCKOW penpoayKTUBHOM
cUCTEMBI, 0BbIYHO BbISBNAEMOE Ha PaHHUX cTagusx. Ha ceropHsAWHWA feHb 0AHUM M3 caMblX NOMYNAPHbIX METOLOB Kap-
TUPOBaHUA U BMONCMM CTOPOXKEBLIX MMQOY3/I0B NpU paKe 3HAOMETPUSA | cTagumn ABNSETCA MUCMONb30BaHWE MHAOLMAHMHA
3enéHoro (ICG) ¢ nocneayoLWMM NPUMEHEHNEM TEXHONOMMM YNbTPACTaAMPOBaHMS.

Llenb. OnpegneneHne LenecoobpasHOCTM M pexuMa YAbTPaCcTafMpOBaHWUA CTOPOXEBBLIX IMMQOY3/0B NOCie NPOBeAEHMS
ICG-kapTvpoBaHus B pa3HbIX rpynnax pucka MMboreHHbIX METAacTa30B NpW pake 3HAOMeTpus | cTagum.

MeToapl. lpoBeseHo KOropTHOE MccrefioBaHuMe, BKOUMBLLUEe 286 NaLMEHTOK C BepMGULMPOBAHHBIM PaKOM Tena MaTku
ctapuii cT1a-T1bNOMO, npoxoamBLumMx fiedeHne B OTAENEHUM OHKorMHeKoorum N2 70 MocKoBCKOro MHOronpo@unbHOro Ha-
YUHO-KMHUYecKoro LeHTpa uM. C.IN. botkuna [lenaptameHTa 3apaBooxpaHenus r. Mocksbl U B KanyckoM 0bnactHoM Kim-
HWYeCKOM OHKonorndyeckoM aucnancepe ¢ 2023 no 2024 rog. MauveHTkam npoBoamnm 61oncuio CTOpoXeBbIX IMMGOY3/108B
(BCI1Y) c ICG-KapT1pOBaHWEM MHAOLMAHVHOM 3eMIEHBIM M NOCEAYIOLWMM YNbTPacTaAUpOBaHNEM.

Pesynbtartbl. YacToTa ABYCTOPOHHEN LETEKLMM CTOPOXKEBLIX TMMPOy3noB cocTauna 70,9%. YactoTa Boisenenus N1 B rpyn-
ne HU3KOro pucka coctaeuna 3,6%, npomexytouHoro — 12,8%, Bbicokoro — 21,3%. BoisBneHa TeHAEHUMSA K YBEAMYEHUIO
[0/M MaKpOMETACcTa30B NpK BO3pacTaHUM PUCKa OT HU3KOIO K BbICOKOMY. [lonsl MeTacTaTUiecKnx U3MEHEHWN, BbIABNEHHBIX
Bnarogapsa UMMYHOMMCTOXMMUYECKOMY UCCNeA0BaHuto, cocTasuna 28,3%.

3akniouenue. posenenue bCJTY uenecoobpasHo Bo Bcex rpynnax pucka NMMQOreHHOro MetactasupoBaHus, 3a Uc-
KIKOYEHWEM MaLMEHTOK C BbICOKUM PUCKOM, KOTOpble B COOTBETCTBMM C HOBOW KiaccuduKauuen paka 3HLOMETpuS
FIGO 2023 b6yayT oTHeceHbl Ko |l cTagun 3aboneBanus. 3Toi KoropTe NaLMeHTOK peKOMEeHAYEeTCA BbiMOJIHEHUE MOSHO-
LeHHOW NUMdaZeH3KTOMUM.

Kniouesbie cnoBa: PaK Tena MaTKku; pak 3HAOMETpUA; ynbtpactaanpoBsaHue; MUKPOCTaaAnpoBaHuUe.
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BACKGROUND

In the United States and Europe, endometrial
cancer is the most common malignancy of the female
reproductive system. In 80% of cases, the disease
is detected at an early stage, which explains the
increasing clinical attention to this condition [1-3].

An essential component of staging is the
assessment of regional lymph node status, as
metastatic involvement is considered the most
important prognostic factor and a reliable predictor
of tumor recurrence [1].

The 2023 FIGO classification, for the first time,
specifies the size of lymphatic metastases, which
determines their clinical significance. Thus, lesions
larger than 2 mm are defined as macrometastases,
those between 0.2 and 2 mm as micrometastases
(pNTmi). The concept of isolated tumor cells (ITCs) has
been introduced, defined as clusters not exceeding
0.2 mm (pNOi+) or 200 cells [4]. The presence of
micrometastases is associated with poor prognosis in
patients not receiving adjuvant therapy, whereas ITCs
do not appear to significantly affect the outcomes.
According to the NCCN guidelines, ITCs in lymph nodes
are not considered metastatic involvement [5-7].

The risk of lymphatic metastasis is assessed
depending on the depth of myometrial invasion and
the tumor histotype. The frequency of lymph node
involvement is 4%-6% at low risk, 12%-14.8% at
intermediate risk, and may reach 25% or more at high
risk [8, 9].

Lymph node status can be determined by two
approaches: regional lymphadenectomy or sentinel
lymph node biopsy (SLNB).

Over the past decade, SLNB has been recognized as
an equally valuable alternative to lymphadenectomy
in patients with early-stage endometrial cancer;
moreover, pelvic and para-aortic lymphadenectomy
has been associated with such complications as
lymphocyst formation, lymphedema, hemorrhage,
and urological, neurological, and vascular disorders
[8-10].

Compared with lymphadenectomy, SLNB is
characterized by lower invasiveness while maintaining
high sensitivity [11, 12]. According to a meta-analysis
by Fan et al., published in 2024 and including data
from 62 studies, the sensitivity of SLNB did not differ
between patients at low and high risk of lymphatic
metastasis [13].

However, the surgical staging approach based on
SLNB has sparked discussion within the scientific
community regarding the practical implementation
of this procedure. The effectiveness of sentinel
lymph node detection was studied first, most often
using indocyanine green, methylene blue, and
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technetium?. Numerous studies have demonstrated
no difference in sentinel lymph nodes detection rates
when using indocyanine green and methylene blue,
whereas technetium? was identified as one of the
factors contributing to false-negative SLNB results
according to the meta-analysis by Fan et al. (2024)
[13, 14]. It should be acknowledged, however, that
the technical infrastructure and practical experience
in sentinel lymph node detection may also play a role.
For example, a group of authors from Tomsk reported
high effectiveness of sentinel lymph node detection
when using technetium?? [15].

The second key aspect of the SLNB concept
concerns the choice of methods for the morphological
assessment of lymph nodes, which are generally divided
into intraoperative and postoperative approaches.
Initially, preference was given to intraoperative
methods, given the possibility of immediate
adjustment of the surgical plan—that is, extending
the procedure from SLNB to lymphadenectomy in the
event of metastatic involvement. The available options
included frozen-section histological examination and
intraoperative cytological assessment.

Frozen-section examination of sentinel lymph
nodes has largely lost its relevance due to low
sensitivity; however, it is still recommended by the
most authoritative societies when suspicious lymph
nodes are detected intraoperatively [16-18].

Intraoperative cytological assessment, in
most cases, does not allow the detection of
micrometastases, but it is effective for identifying
macrometastases, since in frozen-section histology
tumor cells do not always happen to be present
in the plane of the section [19]. At the same time,
a Russian group of authors from Tomsk has reported
that this method of assessment is useful in surgery
planning [15].

The 2024 meta-analysis by Ahuja et al. showed
that, although the sensitivity of routine histological
examination was higher for micrometastases,
cytological evaluation of lymph nodes was recognized
as a rapid and low-cost method that can be used when
no alternative is available. Along with the advantages
and disadvantages of intraoperative cytological and
histological assessments, prolongation of surgery
time should be considered, which is not always
economically justified [20].

One of the approaches to postoperative histological
examination of sentinel lymph nodes is standard
hematoxylin and eosin (H&E) staining, performed
on two sections per node, and ultrastaging. The
scientific data describes several methods of paraffin
block preparation, sectioning intervals, the number
of sections, and staining techniques. Authors from
Memorial Sloan Kettering Cancer Center reported
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that the lymph node is sliced along its long axis, and
two blocks are prepared, each yielding three slides
at 50 pm intervals: one stained with H&E, one with
cytokeratin, and one reserved as a control. Although
the authors did not specify the total number of slides
prepared, they noted that using a single cytokeratin-
stained immunohistochemical (IHC) slide per block
provided better detection of metastatic involvement
compared with a greater number of IHC slides [21].

The current 2025 NCCN protocol recommends
preparing serial sections of the lymph node,
without specifying the interval between them,
using H&E staining with or without additional
immunohistochemical markers.

In the study by Clark et al., published in 2024, the
authors proposed the following ultrastaging protocol:
the lymph node was embedded into a paraffin block
and sectioned perpendicular to its long axis at 2 mm
intervals, followed by four 5-pm sections cut at
50 pm intervals. Three slides were stained with H&E,
and the fourth with cytokeratin. The authors did not
specify what was done with the remaining portion of
the block, but it is evident that with this method of
histological specimen preparation, a substantial part
of the lymph node remains unexamined. Compared
with protocols using two IHC slides, this method was
associated with a 0%-0.9% increase in the likelihood
of false-negative results, whereas reducing economic
costs by approximately twofold [22].

Ultrastaging protocols by other investigators
described sectioning the lymph node either along or
perpendicular to the long axis, with section thickness
ranging from 50 to 250 pm, sometimes alternating
H&E staining with cytokeratin IHC and preparing
2-3 slides. Recent studies indicate that the
optimal balance between diagnostic yield and
cost-effectiveness is achieved with a single IHC
cytokeratin-stained slide per block [23-26].

Thus, based on the scientific data, it can be
concluded that the success of the procedure depends
not so much on the use of immunohistochemistry
as on the method of preparing the histological
specimen as such. Nevertheless, the effectiveness
of detection in routine practice, the selection of
patient groups for this stage, and the choice of
sentinel node assessment protocols remain highly
variable, and the investigation into the most
effective approaches provides substantial scientific
and practical benefit.

AM

The study aimed to evaluate the feasibility and
optimal approach for ultrastaging of sentinel lymph
nodes after indocyanine green (ICG) mapping across
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different risk groups for lymphatic metastasis in
stage 1 endometrial cancer.

METHODS

Study Design

A retrospective cohort study was conducted,
including patients aged 6073 years with histologically
confirmed stage 1 endometrial cancer.

Eligibility Criteria
Inclusion criteria:
+ Histologically verified stage 1 endometrial cancer;
« Available ICG mapping of sentinel lymph nodes;
» ECOG performance status of 0-2;
« Age >60 and <73 years.
Non-inclusion criteria:
« Decompensated somatic diseases;
« History of allergic reactions to indocyanine green
or iodine;
« Hyperthyroidism.

Study Setting and Duration

The study was conducted at Department
of Oncogynecology No. 70, Moscow Botkin
Multidisciplinary Scientific and Clinical Center
(MBMSCC), Department of Health of Moscow, and at
the Kaluga Regional Clinical Oncology Center (KRCOC)
between January 2023 and December 2024.

Research Methodology

A total of 286 patients with endometrial cancer
stages cT1a-T1bNOMO were included in the study
and divided into three groups according to the risk of
lymphatic metastasis:

o Group 1, low risk (n = 173);
o Group 2, intermediate risk (n = 80);
« Group 3, high risk (n = 33).

The FIGO (2009) classification was used for disease
staging, taking into account the depth of myometrial
invasion, histological type, tumor grade, and lymph
node status.

Indocyanine green was used as the fluorescent
dye. Prior to surgery, 1 mL of the agent diluted in
4 mL of sterile water for injection was injected
submucosally into the cervical stroma at the 3- and
9-0’clock positions (see Fig. 1).

During laparoscopic procedures, sentinel lymph
node biopsy was performed following ICG mapping.
The excised sentinel lymph nodes underwent
standard histological examination with H&E staining.
If metastases were detected, the examination was
concluded; if none were found, ultrastaging was
performed with serial analysis of 5-10 sections of
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Fig. 1. The scheme of preparation of the preparation for ultrastading: IHC, immunohistochemical study; ITCs, isolated tumor cells; H&E,

hematoxylin and eosin.

the lymph node using immunochistochemical markers
for cytokeratin.

For micropreparation, lymph nodes were sectioned at
2 mm intervals, fixed in paraffin blocks, and then cut into
3-5 um sections at 250 pm intervals. Histological slides
were stained with H&E, and immunochistochemistry was
performed on every other section.

Sections were deparaffinized and rehydrated
in xylene and graded alcohols. Antigen retrieval
was performed using a PT-Link Thermo system.
Immunohistochemical (IHC) testing was conducted
on a Ventana Benchmark Ultra automated stainer
(Ventana Medical Systems, USA) with Ventana
reagents and a CK8/18 DO-7 Mouse Monoclonal Dako
(Agilent Dako, Denmark), using the OptiView DAB
IHC Detection Kit (Company MAXXmarketing GmbH,
Germany) for visualization.

Microscopy was performed with a Zeiss Axiolab
microscope (Zeiss, Germany); the presence of
membranous staining of cells was interpreted
as evidence of adenocarcinoma metastasis. The
evaluation was independently performed by two
pathologists.

Main Study Outcome

The main outcomes were the detection rates of
metastatic involvement of sentinel lymph nodes based
on standard histological examination and microstaging
with [HC.

DOl https://doi.org/10.17816/anco6 76789

Ethics Approval

The study was approved by the Local Ethics
Committee of the Russian Medical Academy of
Continuous Professional Education (Protocol No. 3
dated February 22, 2022).

Statistical Analysis

Sample Size Calculation
The sample size was not pre-calculated.

Methods of Statistical Data Analysis

Descriptive statistical methods were used, and
analyses were performed with the Medstatistic
platform (https://medstatistic.ru/), in particular,
Pearson’s chi-square test using 2x2 contingency
tables. Results were considered statistically
significant at p < 0.05.

RESULTS

Participants

The study included 286 patients with an ECOG
performance status of 0-2 (see Table 1).

Primary Results

ICG mapping of sentinel lymph nodes was performed
in 286 patients with confirmed endometrial cancer.
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Table 1. Characteristics of patients

Parameter Value

Total number of patients 286

Age, years (M + SD, range) 66.2 + 3.8 (60-73)

cTla: 198 (69.2%)

TNM disease stage CT1b: 88 (30.8%)

Following preoperative evaluation, patients were
stratified by the risk of lymphatic metastasis (see Table
2). The difference between the groups was that at the
KRCOC, SLNB was performed in all patients as part of the
study, whereas at the MBMSCC, in cases of intermediate
and high risk, SLNB replaced LAE only in the presence of
significant comorbidities. Thus, the MBMSCC cohort was
predominantly composed of low-risk patients.

In both institutions, low-risk patients prevailed,
although their proportion was somewhat higher at
MBMSCC. In the intermediate-risk group, no significant
differences were observed (p = 0.229); moreover,
these patients represented a considerable share of
the overall cohort. Considering a bigger proportion of
high-risk patients in KRCOC than in MBMSCC (14.5%
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vs. 5.3%), it can be stated that nearly one-third of
high-risk patients present with comorbidities limiting
the feasibility of complete lymphadenectomy. Thus,
incorporating SLNB into the surgical armamentarium
represents a significant element of routine clinical
practice. At MBMSCC, SLNB was performed in
high-risk patients only in cases of comorbidities
(n = 5), whereas at KRCOC this procedure was
completed in all patients.

In all cases, sentinel lymph node detection rates
were assessed during SLNB. The results of this stage
are presented in Table 3.

In the KRCOC group, unilateral detection was
somewhat more successful, resulting in a higher overall
number of sentinel lymph nodes identified (n = 137). The
absence of sentinel lymph node staining was observed
considerably less often among KRCOC patients (n = 6).
This may be attributable to the stage of methodological
adoption at the MBMSCC. However, the rates of bilateral
detection were comparable, indicating that the technique
is highly reproducible (p = 0.816).

In low-risk patients, no additional procedures were
undertaken when sentinel lymph nodes failed to stain,
and the intervention was limited to hysterectomy. In
patients from the intermediate- and high-risk groups,
the absence of sentinel lymph node staining was
managed by performing pelvic lymphadenectomy on

Table 2. Distribution of patients into groups depending on the risk of lymphogenous metastasis, n (%)

Parameter MBMSCC KRCOC Total
Number of patients, n 9% 192 286
Risk of lymphatic metastasis:
low 67 (71.3) 106 (55.2) 173 (60.5)
intermediate 22 (23.4) 58 (30.2) 80 (28)
high 5(53) 28 (14.5) 33 (11.5)
Note: MBMSCC, Moscow Botkin Multidisciplinary Scientific and Clinical Center; KRCOC, Kaluga Regional Clinical Oncology Center.
Table 3. Sentinel lymph node detection efficiency, n (%)
Parameter MBMSCC KRCOC Total
Number of patients, n 94 192 286
Detection pattern:
bilateral 6(70.2) 137 (71.4) 203 (70.9)
unilateral 17 (18.1) 49 (25.5) 66 (23.8)
No detection 117 6@3.1) 17 (5.9)
Any detection achieved 83 (88.3) 186 (95.9) 269 (94.1)

Note: MBMSCC, Moscow Botkin Multidisciplinary Scientific and Clinical Center; KRCOC, Kaluga Regional Clinical Oncology Center.

DOl https://doi.org/10.17816/0nco6 76789
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the corresponding side, or bilaterally (in cases of
absent detection on both sides).

The sentinel lymph nodes were submitted for
pathological examination, the results of which are
presented in Table 4.

No significant differences were found between
the MBMSCC and KRCOC cohorts in the frequency of
N1 detection (p = 0.964). It should be noted that the
higher proportion of N1 detection in the high-risk
group at MBMSCC was most likely due to the small
number of patients in this group. In contrast, only 6

Tom 30, N? 2, 2025
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metastatic lymph nodes were identified in the low-
risk group: 5 cases of micrometastases and 1 case
of macrometastases. In the intermediate-risk group,
5 micrometastases and 5 macrometastases were
detected. In the high-risk group, 1 micrometastasis
and 6 macrometastases were found.

In total, 23 metastatic lesions were detected in
the study, including 12 macrometastases (52.2%) and
11 micrometastases (47.8%) (see Table 4).

The ratio of macrometastases to micrometastases
is presented graphically in Fig. 2. Percentages indicate

Table 4. Results of detection of macro- and micrometastases during morphological diagnostics

Parameter MBMSCC KRCOC Total
Numbgr of patients with successful 8 186 269
detection, n
Type of involvement macro micro total macro micro total macro micro total
Risk of lymphatic metastasis, n (%):
0 21358 2m358  1u3106 3m3106 4wm3106 1Twm3leh Suslés  6u3lbhs
low (3.4) (3.4) 0.9 (2.8) (3.8) 0.6) @) (3.6
ntermediate 21320 Tmwz20  3m320 3m3b8  4wm3b8  7m3b8 5vM378  5m378  10m378
(10 (5) (15) (5.2) (6.9) (12.1) (6.4) (6.4) (12.8)
high 2u35 0 2u35 4un3 28 1n328 51328 61333 11333 7u333
9 (40) (40) (14.3) 3.6) (17.9) (18.2) 3.1) (213)

Note: MBMSCC, Moscow Botkin Multidisciplinary Scientific and Clinical Center; KRCOC, Kaluga Regional Clinical Oncology center; micro, micrometastases;

macro, macrometastases.

The ratio of the proportions of micro- and macrometastases in the corresponding risk groups

High

Intermediate

Risk level

Low

Proportion, %

85.70

s :

16.70

50 60 70 80 90 100

B micro macro

Fig. 2. The ratio of the N1 fractions detected during the morphological diagnosis. The green scale corresponds to the proportion of micrometastases,

and the yellow scale corresponds to macrometastases.
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the proportions of macro- and micrometastases
according to the above data.

Fig. 2 clearly demonstrates an increase in the frequency
of macrometastases and a decrease in the proportion of
micrometastases from the low to the high risk.

Pooling data from the two clinics makes it possible
to identify patterns in SLNB outcomes among patients
with a low expected risk of metastasis. Nevertheless,
in absolute numbers, the distribution across groups
amounted to 6 cases of N1 in the low-risk group,
10 in the intermediate-risk group, and 7 in the
high-risk group. These figures clearly illustrate
the importance of surgical staging in each risk group.

To precisely evaluate the characteristics of
morphological lymph node diagnostics among patients
at the MBMSCC, the contribution of each stage of the
pathologists’ work was assessed (see Table 5).

In total, 7 cases of N1 and 4 cases of isolated
tumor cells (ITCs) were identified at the MBMSCC (see
Table 5).

Of the 11 cases of tumor involvement detected
in the lymph nodes, 4 were macrometastases,
3 were micrometastases, and 4 were clusters of
ITCs. Among them, standard histological examination
identified 3 macrometastases, accounting for 42.9%
of all metastatic findings excluding ITCs. Ultrastaging
enabled the detection of additional 2 micrometastases,
which represented 28.6%. IHC revealed 2 more
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metastases, including one macrometastasis that at
early stages had been interpreted as histiocytosis
and one micrometastasis measuring approximately
0.2 mm. In 4 cases, IHC detected isolated tumor cells
that lacked clinical significance but represented 36.4%
of all lymph node changes (see Fig. 3).

The analysis of diagnostic value across the stages
of morphological examination, as noted above, showed
that IHC identified metastatic changes in only 2 of
7 patients, i.e., 28.6%. Recent studies on ultrastaging
techniques indicate that preparing a single IHC
slide per block may reduce costs while maintaining
diagnostic value. The findings of our study confirm
this statement.

However, the entire ultrastaging procedure,
including lymph node sectioning technique and IHC,
led to the detection of 4 out of 7 N1 cases, accounting
for 57.1%, underscoring the high importance of all
stages of morphological evaluation.

DISCUSSION

According to the data from both participating
institutions, the bilateral detection rate of sentinel
lymph nodes with ICG mapping was 70.9%. This rate
likely has potential for improvement, as a recent
publication from colleagues in Moscow reported
achieving 91% bilateral detection [27].

Table 5. Results of morphological diagnostics at the S.P. Botkin Medical Scientific and Clinical Center

Stage Depth of Invasion Gradect;fr;r;i(:rr:;etrioid Rislr(ngal)s/gzi:atic Stan:i;iq?;ztt?(l;gical Microstaging HC
1 Tla G2 Low NO N1 micro N1 micro
2 Tla G1 Low NO NO N1 micro
3 Tla G1 Low NO NO [TCs
4 Tla G2 Low NO NO [TCs
5 Tib G1 Intermediate NO NT micro N1 micro
6 Tib G2 Intermediate NO NO macro N1 macro
7 Tib G2 Intermediate NO NO [TCs
8 Tib G1 Intermediate N1 N1 macro N1 macro
9 Tib G3 High NO NO [TCs
10 Tib G3 High N1 N1 macro N1 macro
" Tib G3 High N1 N1 macro N1 macro

Note: Depth of invasion is presented according to the 2009 FIGO classification. Micro, micrometastases; macro, macrometastases; IHC,

immunohistochemistry; ITCs, isolated tumor cells.
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Fig. 3. Revealed changes in lymph nodes among patients of the Moscow Multidisciplinary Scientific and Clinical Center named after S.P. Botkin: [HC,

immunohistochemical study, ITCs, isolated tumor cells.

The frequency of metastatic involvement in lymph
nodes at the corresponding risk level was similar
in both clinics. This consistency supports the good
reproducibility and reliability of the method for
disease staging. Moreover, the similarity extended
not only to the overall incidence of N1 cases but also
to the ratio of macrometastatic to micrometastatic
involvement (see Table 4).

A clear trend was observed toward a decreasing
proportion of micrometastases with increasing risk
from low to high (see Fig. 2). These findings highlight
the clinical characteristics of the disease in terms of
the relevance of lymphadenectomy in the high-risk
group, where macrometastases predominated, and
the adequacy of SLNB in the low- and intermediate-
risk groups, where their proportion was substantially
lower.

m'%'ﬂﬂ"!!;-

.............

2-2,5mm

According to the 2024 meta-analysis by Fan
et al., combining SLNB with ultrastaging significantly
reduces the rate of false-negative results in
determining NO/1 status and increases sensitivity
[13]. Our results support this conclusion: more than
half of the metastatic changes among patients at
the MBMSCC were identified through ultrastaging
with IHC. However, the authors of recent studies on
lymph node morphological assessment techniques
have concluded that the process costs may be cut
significantly by preparing only a single IHC slide per
block, without loss of diagnostic value [23-26]. The
present study established that only two out of seven
alterations were detected by IHC, and in one case this
was a macrometastasis that occupied the major part of
the microscopic field and, with high probability, would
have been captured in an IHC section. This observation

250 pm . H3E
250pm - SO_ammes o, HRE
250pm 1 ST = > H&E
Bpm - <TTEmsSTN HC
50pm | <ToEmms . HE
B | <gmemmse, HAE
Bim | <gmammee, HIE
250 ym <= H&E

Fig. 4. The proposed algorithm for optimizing the diagnostic value and economic costs of ultrastiding: IHC, immunohistochemical study; H&E,

hematoxylin and eosin.
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suggests that the significance of IHC may have been

somewhat overestimated in earlier publications, and

at present the preparation of a single IHC slide per

block appears sufficient (see Fig. 4).

However, metastatic involvement in 3 of 7 cases
was detected by standard histological examination
(see Fig. 3). This underscores the clear necessity
of complementing standard morphology with
ultrastaging.

Among the approaches to preparing histological
specimens for microstaging, there is considerable
variation in the intervals between sections, ranging from
50 to 250 pm. Given that clinical relevance of metastases
starts when their size reaches about 200 pm, it appears
reasonable to maintain sectioning intervals close to this
threshold, at approximately 250 pm.

The economic aspect of SLNB also deserves
attention. The algorithm entails substantial costs
associated with technical support, fluorescent dyes,
and time resources. In the absence of an ultrastaging
step, the remaining expenditures are not justified
due to the low sensitivity of standard histological
examination. Thus, it can be concluded that
performing SLNB without subsequent ultrastaging is
not expedient, even from an economic perspective.

Therefore, based on the present study evaluating
the significance of SLNB with microstaging in patients
across different risk groups for lymphatic metastasis,
the following conclusions can be drawn.

» This procedure is critically important in the low-
risk group, where the overall rate of N1 detection
was 3.6%, whereas according to the scientific data,
the frequency of N1 detection reaches 4%-6% 8,
9]. This suggests that the potential of the method
has not yet been exhausted and that further
refinement of the SLNB technique with ultrastaging
may enable the identification of a greater number
of SLN lesions. All N1 cases in the MBMSCC cohort
were identified during ultrastaging, with one
of the two cases detected by IHC. In the overall
macrometastasis to micrometastasis ratio across
the combined cohort of both clinics, the proportion
of micrometastases in the low-risk group reached
83.3%. This underscores the relevance of SLNB
with ultrastaging in the low-risk population. It
should also be noted that this cohort was the
most numerous, accounting for approximately
60% of the patients. Given this patient distribution,
ommitting SLNB with ultrastaging would result in
a paradox: treatment in the low-risk group would be
limited to hysterectomy alone, whereas patients at
intermediate and high risk would undergo staging.
Consequently, the cohort of low-risk patients with
N1 disease, including micrometastases, would
not receive adjuvant therapy. Thus, the low-risk
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group would be underestimated, which could

account for a substantial number of recurrences.

Indeed, according to published data, recurrence-

free survival at stages 1-2 reaches 90%, whereas

in the presence of metastases this rate drops to

only 48% [28].
 In the intermediate-risk group at the MBMSCC, of

the three N1 cases, one metastasis was identified

by standard histological examination, one by
ultrastaging with H&E staining, and one by IHC. In
the latter case, the lesion was a macrometastasis
that could be differentiated from histiocytosis only
through IHC. This underscores the importance of
each stage of morphological diagnostics for patients
in this group. Across all patients included in the

study, the frequency of N1 detection was 12.8%,

which is comparable to the scientific data, where

authors report 12%-14.8% [8, 9]. Thus, in terms of
diagnostic sensitivity, the method may serve as an
alternative to lymphadenectomy in such patients.

It should be noted that the number of N1 cases

was the highest precisely in the intermediate-

risk group, which clearly emphasizes the need for
surgical staging in these patients.

e In the high-risk group at the MBMSCC, both
lymphatic metastases were identified by standard
histological examination. On the one hand, this
might suggest that additional morphological
examination steps are unnecessary, particularly
given that nearly all detected N1 cases were
macrometastases and that adjuvant therapy in
these patients is most often determined by tumor
grade or depth of invasion. On the other hand, the
group is relatively small, and performing all stages
in those patients without metastases on standard
histology would not entail substantial economic
costs. Moreover, adjuvant treatment regimens
are, without a doubt, influenced by lymph node
status. Therefore, SLNB with ultrastaging can be
considered adequate in this group as well.

There is a growing body of objective evidence
for the debate over performing SLNB instead of
lymphadenectomy in the high-risk group. With the
release of the new 2023 FIGO endometrial cancer
classification, 23% of patients previously staged
as stage 1 will be reassigned to stage 2, which
definitively determines the surgical approach—
namely, full lymphadenectomy. At the same time, our
study demonstrates that SLNB remains a relevant
alternative to lymphadenectomy, particularly in
patients with significant comorbidities [29].

Study Limitations

The limitations of this study include its
retrospective design and the two-center cohort, which
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restrict the generalizability of the findings, as well
as the imbalance among risk subgroups, particularly
the small number of high-risk patients. The absence
of randomization and a control group, along with the
potential impact of the learning curve in performing
ICG mapping and ultrastaging, may have led to
biased results. Furthermore, the follow-up period
was limited, preventing the assessment of long-term
oncologic outcomes and the clinical significance of
micrometastases.

CONCLUSION

For patients with stage 1 endometrial cancer, SLNB
with ultrastaging should be considered appropriate,
except in those at high risk of lymphatic metastasis,
who, according to the new FIGO 2023 classification,
are reclassified as stage 2. For these patients, this
staging option remains relevant in the presence of
significant comorbidities.

Immunohistochemical examination plays
an important role in ultrastaging; however,
the preparation of numerous IHC sections appears
impractical. At the same time, 28.3% of metastatic
lesions in our study were identified solely by IHC,
which clearly underscores the necessity of including
at least one IHC slide per block. For the preparation
of specimens for ultrastaging, lymph nodes should be
sectioned for paraffin blocking in a specific manner,
namely perpendicular to the long axis at 2 mm
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