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• Bilateral SLN detection rate reached 92.3 %, unaffected by BMI, tumor histology, or prior conization. 
• Most SLNs (91.6 %) were located at pelvic level I, below the interiliac bifurcation. 
• SLNs at the pelvic level II were rare (2.7 %), and isolated positive ones even rarer (1.3 %). 
• Bilateral detection in tumors 2–4 cm remained high (92 %) despite being significantly lower than in smaller tumors (97 %). 
• SLN biopsy demonstrated reproducibility and anatomical predictability in tumors ≤4  cm  .
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Objective. To assess sentinel lymph node (SLN) bilateral detection rate, anatomical distribution, and tracer 
performance in early-stage cervical cancer patients undergoing primary surgery, based on data from the prospec-
tive multicenter SENTIX trial. 

Methods. Patients with FIGO 2018 stage IA1 (LVSI+) to IB2 cervical cancer and no suspicious lymph nodes on 
preoperative imaging were enrolled in the SENTIX trial. SLN biopsy was performed using blue dye (BD), 
radiocolloid(RC), indocyaninegreen (ICG), or their combinations.Onlypatients with successful bilateral SLN detec-
tion and negative intraoperative frozen section proceeded to radical hysterectomy or fertility-sparing surgery. SLN 
locations and metastatic status were documented by anatomical region and centrally reviewed for consistency.
roup (CEEGOG). 
oup (BGOG). 
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SLN mapping 
Early-stage 
Bilateral detection 
SENTIX trial
Results. Among 724 patients who underwent SLN biopsy, the overall bilateral detection rate was 92.3 %, with 
the highest rate (100 %) achieved using ICG and RC combination. If mapping-failure cases were considered, the bi-
lateral detection rate would be 84.6 %. Most SLNs (91.6 %) were located at pelvic level I, predominantly in the ex-
ternal iliac and interiliac regions. SLNs above the interiliac bifurcation were infrequent (2.7 %), and isolated positive 
SLNs in pelvic level II were rare (1.3 %). No SLNs were identified in paraaortic regions. Bilateral detection was un-
affected by BMI, histology, or prior conization. Although detection was slightly lower in tumors >2 cm, bilateral 
rates exceeded 90 %. 

Conclusions. SLN mapping demonstrated high bilateral detection across tracers and patient subgroups. Nearly 
all SLNs were confined to pelvic level I, underscoring anatomical predictability. These results demonstrate repro-
ducible SLN mapping in tumors ≤4 cm and may help inform individualized surgical planning. 
© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar tech-

nologies.
1. Introduction 

Sentinel lymph node (SLN) biopsy has become an integral part of 
nodal staging in gynecologic oncology. In endometrial and vulvar can-
cers, it is already established as the standard of care, offering reduced 
morbidity without compromising oncologic outcomes. In contrast, 
early-stage cervical cancer has traditionally relied on systematic pelvic 
lymphadenectomy (PLND) as the standard surgical approach, despite 
growing evidence that SLN biopsy may offer a less radical but equally 
safe alternative [1]. 

Until recently, the limited availability of large-scale prospective data 
has hindered the broader adoption of SLN biopsy in cervical cancer. This 
gap has now been addressed by three independent multicenter pro-
spective trials - SENTIX (CEEGOG-CX01; ENGOT-CX2), SENTICOL III, 
and PHENIX – each evaluating the oncologic safety of SLN biopsy with-
out additional PLND in early-stage cervical cancer [2–4]. While differing 
in methodology, these studies are interpreted in the context of land-
mark trials such as LACC and SHAPE, which have redefined surgical 
radicality in cervical cancer treatment [5,6]. 

Among these, SENTIX was the first to complete patient accrual and 
report outcomes. It prospectively evaluated SLN biopsy alone, omitting 
systematic PLND, in patients with early-stage cervical cancer without 
preoperative signs of lymph node metastasis. Final results confirmed a 
2-year recurrence rate of 6.1 % and overall survival exceeding 97 %, out-
comes comparable to those observed in historical cohorts of patients 
treated with systematic pelvic lymphadenectomy. These findings have 
been internationally endorsed and have contributed to the paradigm 
shift in nodal staging strategies [7]. 

The safety of this approach relies on the accuracy and reproducibility 
of SLN mapping. A pre-planned interim analysis of the first 395 patients, 
Fig. 1. Sentix stu
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published in 2020, demonstrated high bilateral detection rate (DR) and 
consistent anatomical distribution of SLNs [8]. The final analysis, now 
based on a nearly double the cohort size, offers a unique opportunity 
to assess mapping performance by tracer, anatomical location, and pa-
tient or tumor-related factors. Additionally, we examined whether fac-
tors such as patient BMI, tumor size, histological subtype, and prior 
conization influence SLN detection rate. 
2. Materials and methods 

2.1. Study design and setting 

The SENTIX trial (CEEGOG-CX-01; ENGOT-CX2; NCT02494063) is a 
prospective, international, multicenter observational study coordinated 
by the Central and Eastern European Gynecologic Oncology Group 
(CEEGOG) within the ENGOT framework. The primary aim was to assess 
the oncologic safety of SLN biopsy alone, omitting systematic pelvic 
lymphadenectomy (PLND), in patients with early-stage cervical cancer. 
The study protocol was published at the trial initiation as a “trial-in-
progress” paper to outline its methodology and objectives [2]. Between 
June 2016 and October 2020, 47 centers across 18 countries enrolled el-
igible patients. All centers met predefined requirements for surgical vol-
ume and prior SLN mapping experience. Final oncological outcomes 
were published in 2025 [7]. 

This paper focuses on SLN biopsy, evaluating bilateral DR, anatomical 
distribution, and tracer performance. It includes all patients in whom 
SLN biopsy was successfully performed, and complete mapping data 
were available. The study design, including eligibility and cohort struc-
ture, is summarized in Fig. 1. 
dy design.
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2.2. Study population 

Eligible patients had histologically confirmed cervical cancer (FIGO 
2018 stages IA1 with lymphovascular space invasion to IB2, with 
tumor diameter < 4 cm, or ≤ 2 cm for fertility-sparing procedures). 
Accepted histologic types included squamous cell carcinoma, 
HPV-associated adenocarcinoma, and adenosquamous carcinoma; 
adenosquamous carcinoma was initially allowed but excluded by the 
second protocol amendment in 2018. Preoperative evaluation by expert 
ultrasound and/or MRI was mandatory to rule out suspicious pelvic or 
paraaortic lymph nodes .

Patients were excluded if they had prior pelvic radiotherapy, neoad-
juvant chemotherapy, rare histologic variants (e.g., mesonephric, neu-
roendocrine), or HIV infection. Only patients with successful bilateral 
SLN detection were included in this mapping-focused analysis. 

To ensure procedural consistency and high mapping quality, centers 
were required to have performed SLN biopsy in at least 15 prior cervical 
cancer cases and to treat a minimum of 10 patients with invasive cervi-
cal cancer per year. The flow of patients through screening, enrollment, 
and analysis is shown in the CONSORT diagram (Fig. 2). 

2.3. SLN mapping and tracers 

Any of the three commonly used tracers was eligible for use in SLN 
detection —blue dye (BD), radiocolloid (RC), or indocyanine green 
(ICG), either alone or in combination, based on institutional standards 
and surgeon preference. Tracer type and concentration were not cen-
trally fixed and were left to institutional preference. All centers used val-
idated commercial preparations and adhered to a standardized 
injection site. Most centers followed pre-existing institutional protocols 
for SLN mapping. Preoperative lymphoscintigraphy was not required. 
The protocol mandated SLN identification before any further retroperi-
toneal dissection. The anatomical location of each SLN was recorded in-
traoperatively according to standardized pelvic regions: external iliac, 
interiliac (corresponding to the proximal obturator chain), common 
iliac, and presacral. SLNs were also classified by level: level I (below 
the interiliac bifurcation) and level II (cranial to it). Any atypical SLN lo-
calization, including possible paraaortic drainage, could be noted in the 
optional free-text comment field of the surgical report (SENTIX postop-
erative Form 3). 

2.4. SLN mapping technique and data collection 

SLN biopsy was performed according to a standardized surgical pro-
tocol defined in the SENTIX study. Cervical injection of the tracer (BD, 
Fig. 2. Patient flow. 
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RC, or ICG) was performed slowly into the stroma at four quadrants 
(or at 3 and 9 o'clock), both superficially and submucosally. Intraopera-
tively, SLNs were identified either visually or using a gamma probe or 
near-infrared fluorescence imaging. All identified SLNs were removed 
prior to any further dissection. Care was taken to avoid disruption of 
lymphatic channels during SLN identification. The retroperitoneum 
was opened above the external iliac vessels, and both the paravesical 
and pararectal spaces were explored to localize potential SLNs. 

SLNs were classified intraoperatively by anatomical location (exter-
nal iliac, interiliac, common iliac, presacral) and pelvic level (I or II, de-
fined by the interiliac bifurcation). Surgical and pathological mapping 
data, including laterality, anatomical labeling, number of SLNs, tracer 
used, operative time, and complications, were entered by the surgeon 
into standardized postoperative forms (FORM 3) within the SENTIX In-
formation System (SIS) and monitored in real time to ensure complete-
ness and internal consistency (Supplementary Fig. 2). 

2.5. Classification of SLN metastases 

Metastatic deposits within SLNs were categorized according to TNM 
classification. Macrometastasis (MAC) was defined as metastasis 
>2mm in diameter, micrometastasis (MIC) was metastasis >0.2 and ≤ 2 
mm, and isolated tumor cells (ITCs) were defined as individual tumor 
cells or small clusters of cells up to 0.2mm in diameter or < 200 cells .

2.6. Outcomes 

The primary objective of this analysis was to assess the bilateral SLN 
detection rate across the full cohort. Additional endpoints included the 
anatomical distribution of all SLNs and metastatic SLNs by pelvic level, 
as well as detection performance across different tracer types and com-
binations. Secondary objectives were to evaluate whether clinical vari-
ables, including tumor size (≤2 cm vs >2 cm), histologic subtype, body 
mass index (BMI), and prior diagnostic conization, affected the bilateral 
SLN detection. 

2.7. Statistical analysis 

Descriptive statistics were used to summarize baseline character-
istics and SLN detection outcomes. Categorical data were presented 
as frequencies and percentages; while continuous variables were re-
ported as means with standard deviations or medians with inter-
quartile ranges, as appropriate. Bilateral detection rates across 
subgroups were compared using Pearson's chi-square test. All statisti-
cal analyses were performed using SPSS software version 25.0 (IBM 
Corp.,  Armonk,  NY).  A  two-sided  p-value of <0.05 was considered 
statistically signifi cant.

3. Results 

3.1. Study population and surgical characteristics 

A total of 816 patients were enrolled in the SENTIX trial. After the ex-
clusion of 102 patients who did not meet the predefined eligibility 
criteria or lacked SLN mapping data, 714 patients were included in 
this analysis. Most patients (72 %) were treated at high-capacity centers 
enrolling ≥20 patients. Minimally invasive (laparoscopic or robotic) and 
open surgery were both permitted at trial initiation in 2016. After pub-
lication of the LACC trial in 2018, a protocol amendment recommended 
open surgery; nevertheless, 63 % of procedures remained minimally 
invasive. 

Radical hysterectomy was performed in 568 patients, of which 50 % 
were conducted using a nerve-sparing technique (type C1). Fertility-
sparing procedures were performed in 66 patients, including vaginal 
radical trachelectomy (50 %), simple trachelectomy (29 %), conization 
(16 %), and abdominal radical trachelectomy (4 %). Most tumors
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were squamous cell carcinoma (69.3 %), followed by usual-type 
HPV-related adenocarcinoma (28.6 %). Tumors ≤2 cm were present in 
63.6 % of patients, and diagnostic conization had been performed in 
54.4 %. Obesity (BMI >30) was present in 19 % of the cohort. Baseline 
clinical and demographic characteristics of all patients who underwent 
surgical treatment (n = 732) are summarized in Table 1. 

3.2. SLN detection rate 

Bilateral SLN detection was achieved in 669 of 724 patients, yielding 
a DR of 92.3 %. The median number of SLNs identified per patient was 3, 
with no significant difference between left and right pelvic sides. This 
high DR was consistent across all participating centers. Detection effi-
cacy remained consistently high across subgroups stratified by BMI, his-
tologic subtype, or prior diagnostic conization. A statistically significant 
difference in bilateral detection was observed for postoperative tumor 
size: 97.1 % in tumors ≤2 cm versus 92.0 % in tumors >2 cm (p = 
0.005). Although a statistically significant difference in bilateral detec-
tion was observed by tumor stage (p = 0.045), the highest rate was in 
patients with IA1 with LVSI (100 %), followed by IA2 (94.2 %) and IB1 
(91.7 %). Detection rates remained high across all stages (≥90 %). Factors 
potentially influencing bilateral detection are analyzed in Table 3.  No  
difference was observed in SLN bilateral detection rate for individual
Table 1 
Patient characteristics (n =  732)  .

Characteristics n (%) / meana / medianb 

(5-95th percentile)c 

No. of patients enrolled per site 
≤ 10 125 (17.1 %) 
11–20 81 (11.1 %) 
> 20 526 (71.9 %) 
Age 45a /  43b (29; 68) c

BMI categories 
≤25 423 (57.8 %) 
25–30 168 (23.0 %) 
> 30 141 (19.3 %) 
ECOG 
0 704 (96.2 %) 
1 28 (3.8 %) 
Diagnostic method 
Biopsy 327 (45.0 %) 
Conization 405 (55.0 %) 
Tumor stage (FIGO 2009) 
IA1 + LVSI 39 (5.3 %) 
IA2 71 (9.7 %) 
IB1 621 (84.8 %) 
Not available 1 (0.1 %) 
Grading 
G1 180(24.6 %) 
G2 374 (51.1 %) 
G3 159 (21.7 %) 
Not available 19 (2.6 %) 
Histology 
Squamous cell carcinoma 510 (69.7 %) 
Adenocarcinoma usual type (HPV related) 212 (29.0 %) 
Adenosquamous carcinoma 9 (1.2 %) 
Not available 1 (0.1 %) 
Maximum tumor diameter on final histology [mm] 17.4a / 15.0b (2.4; 40.0)c 

Tumor size postoperative 
≤2 cm 418 (57.1 %) 
2–4 cm 235 (32.1 %) 
>4 cm 26 (3.6 %) 
Not available 53 (7.2 %) 
Surgical approach 
Minimally invasive (laparoscopic or robotic) 462 (63.0 %) 
Open (laparotomy) 270 (37.0 %) 
LVSI 
No 473 (64.6 %) 
Yes 216 (29.5 %) 
Not available 43 (5.9 %) 
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centers with high numbers and centers with less than 10 patients in-
cluded (Supplementary Fig. 1). This likely reflects the inclusion of expe-
rienced centers with extensive SLN mapping practice outside the study 
setting. As per protocol, only patients with bilateral SLN detection were 
eligible for further surgery and primary analysis. However, we exam-
ined the subgroup of 55 excluded patients to assess potential bias. 
Among them, 44 had unilateral mapping, and 11 had no SLN detected. 
If all 779 enrolled patients (including mapping failures) were consid-
ered, the overall bilateral detection rate would be 84.6 % (659/779), 
compared to 92.3 % (659/714) in the analyzed cohort. Associations be-
tween bilateral detection and clinical variables (tumor size, histology, 
BMI, prior conization) remained consistent when including these 
cases. No new predictive factors for mapping failure were identified.

3.3. Tracer-specific mapping performance 

Tracer-specific bilateral detection performance is summarized in 
Table 2. The highest bilateral DR (100 %) was achieved using a combina-
tion of RC and ICG. Other dual-tracer combinations also performed well, 
including BD + ICG (97.5 %), BD + RC (90.1 %), and BD + RC + ICG 
(95.7 %). ICG alone achieved 92.2 %, RC alone 88.9 %, while blue dye 
alone had the lowest detection rate (84.6 %). The full breakdown of bi-
lateral detection rates for each tracer strategy is available in Supplemen-
tary Table 1. 

3.4. Anatomical distribution of SLNs 

The majority of SLNs (91.6 %) were located in pelvic level I, primarily 
in the external iliac and interiliac regions. Only 2.7 % of SLNs were iden-
tified exclusively in pelvic level II, i.e., above the interiliac bifurcation 
and without any SLN in level I. No SLNs were documented in paraaortic 
areas. The anatomical distribution of all SLNs and positive SLNs is illus-
trated in Fig. 3.
Table 2 
SLN detection (N = 714; patients with surgery and postoperative form). 

Characteristics n (%) / median (5-95th percentile) 

Bilateral SLN detection 
No 55 (7.7 %) 
Yes 659 (92.3 %) 
Detection method 
BD 76 (10.6 %) 
RC 28 (3.9 %) 
ICG 200 (28.0 %) 
BD + RC 222 (31.1 %) 
BD + ICG 79 (11.1 %) 
RC + ICG 65 (9.1 %) 
BD + RC + ICG 44 (6.2 %) 
No of SLN 4.1 / 3.0 (2.0; 10.0) 
Number of SLN 
0 15 (2.1 %) 
1 10 (1.4 %) 
2 224 (31.4 %) 
3 152 (21.3 %) 
4 104 (14.6 %) 
>4 183 (25.3 %) 
Missing 26 (3.6 %) 
No. of patients with positive SLN 
Unilateral 83 (11.6 %) 
Bilateral 19 (2.7 %) 
Side not available 9 (1.3 %) 
Total 111 (15.5 %) 
No. of positive SLN 
0 612 (85.7 %) 
1 77 (10.8 %) 
2 19 (2.7 %) 
3 6 (0.8 %) 
Positive, no. not available 9 (1.3 %) 

move_t0005
move_f0015


R. Kocian, C. Kohler, J. Klat et al. Gynecologic Oncology 202 (2025) 118–124

Table 3 
Factors influencing bilateral SLN detection. 

Bilateral SLN detection 

no (N = 55) yes (N = 659) p 

BMI categories 
≤25 29 (7.0 %) 386 (93.0 %) 0,654 
25–30 15 (9.3 %) 147 (90.7 %) 
30+ 11 (8.0 %) 126 (92.0 %) 
Tumor stage (FIGO 2009) 
IA1 + LVSI 0 (0.0 %) 34 (100.0 %) 0,045 
IA2 4 (5.8 %) 65 (94.2 %) 
IB1 51 (8.3 %) 560 (91.7 %) 
Tumor size postoperative 
≤2 cm 12 (2.9 %) 402 (97.1 %) 0,005 
>2 cm 18 (8.0 %) 207 (92.0 %) 
Diagnostic conization 
Yes 31 (7.6 %) 379 (92.4 %) 0.957 
No 24 (7.2 %) 310 (92.8 %)
3.5. SLN metastases 

Metastatic involvement of SLNs was identified in 81 of 647 patients 
(12.5 %), comprising 43 cases (6.6 %) of macrometastases (MAC), 38 
(5.9 %) of micrometastases (MIC), and 22 (3.4 %) of isolated tumor 
cells (ITC). The vast majority of positive SLNs were located in pelvic 
level I. Among the 81 patients with MAC or MIC (pN1), 46 (56.8 %) 
were detected intraoperatively (36 MAC and 10 MIC). The remaining 
35 cases (7 MAC, 28 MIC) were diagnosed through postoperative 
ultrastaging. An additional 22 patients were found to have ITCs only. 
The probability of an isolated positive SLN located exclusively in level 
II (i.e., between the interiliac and aortic bifurcation) was extremely 
low, occurring in only 1.3 % of all mapped patients. This analysis uses 
the subgroup of 647 patients with complete SLN ultrastaging, as de-
scribed in our previous publication on pathological assessment of senti-
nel nodes [9]. 
Fig. 3. Anatomical distribution 
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4. Discussion 

Our findings confirm high and consistent bilateral detection, ana-
tomically predictable SLN distribution, and robust performance across 
tracer types and patient subgroups, that are prerequisites for the safe 
implementation of SLN biopsy as a standard nodal staging procedure 
in early-stage cervical cancer. 

An interim analysis on the first 395 patients previously described 
SLN detection performance [8]. Intraoperative SLN pathological exami-
nation, frozen section sensitivity, and SLN ultrastaging were reported 
separately [9,10]. The current report, based on the total cohort of 714 
patients, offers enhanced statistical power and broader subgroup vali-
dation, including evaluation of tracer efficacy and predictors of bilateral 
detection. 

A bilateral detection rate of 92.3 % is among the highest reported in a 
prospective multicenter setting in cervical cancer. This high rate re-
mained stable over the study period, with no increase in detection 
rate associated with later patient's registration into the study, suggest-
ing the absence of a learning curve for centers where ≥15 SLN biopsies 
have been performed (Supplementary Fig. 1). These results likely reflect 
the rigorous selection of participating sites with established SLN experi-
ence, high case volumes, and routine use of mapping in gynecologic on-
cology practice. 

SLN mapping in SENTIX study adhered to the core principle of 
targeted nodal sampling. A median of three SLNs were identified per 
patient, typically within a defined anatomical zone. SLNs were pre-
dominantly located in pelvic level I, with 654 of 714 patients 
(91.6 %) having SLNs in the external or interiliac regions. Isolated 
level II drainage (above the interiliac bifurcation and below the aortic 
bifurcation) was identified in only 19 patients (2.7 %). Isolated metas-
tatic SLNs in level II (i.e., without involvement of level I) were identi-
fied in just 9 of 714 patients (1.3 %). No SLNs were documented in 
paraaortic locations. However, as paraaortic lymph nodes were not 
systematically removed or evaluated, we cannot exclude the
of SLNs and positive SLNs. 
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possibility of metastases in this region. These results reinforce the an-
atomical predictability of lymphatic drainage in early-stage cervical 
cancer and support limiting nodal dissection to pelvic level I when 
bilateral mapping is not achieved. 

High bilateral DR were maintained across all clinical subgroups, in-
cluding those with obesity, non-squamous histology, and prior diagnos-
tic conization. Notably, prior diagnostic conization, performed in over 
half of the SENTIX cohort, had no negative effect on bilateral SLN detec-
tion. Although not directly compared in this study, these findings sug-
gest that excisional procedures may not compromise SLN mapping 
and could be preferred over core biopsy in small tumors. 

DR was lower in tumors >2 cm. This is in line with several previous 
studies. Balaya et al. identified tumor size ≥20 mm as an independent 
predictor of bilateral mapping failure in the SENTICOL I & II cohorts 
(OR 0.46; p =  0.048)  [11]. Similar associations were reported by Bizzarri 
et al., where tumor size >20 mm significantly reduced bilateral SLN de-
tection (OR 0.52; p = 0.023), and by Zhang et al., who found tumor size 
>2 cm to be a predictive factor for unsuccessful mapping [12,13]. In con-
trast, Dostálek et al. reported comparable bilateral DRs across tumor size 
categories (<2 cm: 79 %, 2–3.9 cm: 83 %, ≥4  cm:  76  %;  p = 0.460), con-
cluding that reliable mapping can be achieved in larger tumors when 
tracer injection is appropriately adapted [14]. These findings confirm 
that while larger tumor size may reduce mapping efficiency, high bilat-
eral detection remains feasible, as reflected by our >90 % DR in patients 
with tumors >2 cm. 

Tracer-specific analysis demonstrated excellent performance across 
all routinely used agents. Dual-agent combinations, particularly 
RC + ICG (100 %) and BD + ICG (97.5 %), achieved the highest detection 
rates. ICG alone yielded 92.2 %, while blue dye and radiocolloid as single 
agents achieved 84.6 % and 88.9 %, respectively. These findings under-
score the benefit of using dual-tracer protocols, though all tracers 
proved effective in experienced hands. Despite minor variability in 
tracer concentrations and injection techniques, consistently high bilat-
eral detection was achieved, supporting the robustness of SLN mapping 
across real-world settings. Importantly, BD alone was only slightly infe-
rior to ICG, supporting a flexible approach to tracer selection based on 
local availability and surgical expertise. 

A bilateral detection rate of 92.3 % was consistently achieved in 
SENTIX, confirming feasibility of SLN mapping across all routinely 
used tracers. This detection rate is among the highest reported in pro-
spective multicenter studies and aligns with, or exceeds, the best results 
published to date. In a multicenter Italian cohort of 144 patients, Buda 
et al. (2016) reported a significantly higher bilateral DR with ICG 
(98.5 %) compared to radiocolloid (81.0 %) and blue dye (78.1 %) [15]. 
Di Martino et al. reported a similarly favorable bilateral DR with ICG 
(91.7 %) [16]. Other high-performing ICG-based studies include 
Imboden (95.5 %), Persson (94.5 %), and Aoki (88.3 %), predominantly 
performing laparoscopic or robotic procedures [17–19]. 

Conversely, some studies using ICG have shown lower bilateral DRs, 
such as Beavis (86.7 %), Kim (85.4 %), and Papathemelis (83.3 %) 
[20–22]. Bizzarri et al. observed a markedly lower DR of 74.1 % in a co-
hort with one-third of patients undergoing open surgery, and 
Fernandez et al. reported an 89 % rate in an open cohort [23,24]. A com-
prehensive 2024 review by Laufer et al. concluded that ICG consistently 
outperforms radiocolloid and blue dye when combined with near-
infrared imaging, particularly in minimally invasive settings. The most 
consistent results were observed in studies using an ICG concentration 
of 1.25 mg/mL and a total injection volume of 4 mL [25]. While dual-
tracer protocols remain optimal, current evidence confirms that ICG 
alone provides robust, reproducible results, supporting its role as the 
primary tracer in modern SLN mapping protocols. 

Recent prospective studies evaluating SLN biopsy in early-stage cer-
vical cancer reported lower detection rates than the SENTIX study or did 
not mandate SLN biopsy. The PHENIX-I trial, a randomized study from 
China, confirmed oncologic safety of SLN biopsy alone, with a 3-year 
DFS of 96.8 %. However, the bilateral DR in PHENIX reached only 
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82.6 %, which may correspond to the predominant use of methylene 
blue (85 % of cases) [4,26]. The SENTICOL-2 trial, a multicenter random-
ized study conducted in France and Belgium, reported a bilateral detec-
tion rate of 86.5 % using primarily a combination of radiocolloid and blue 
dye. While the trial demonstrated significantly reduced morbidity in the 
SLN-only group, pathologic assessment was not centrally reviewed, and 
SLN ultrastaging was not uniformly standardized across participating 
centers [27]. While the LACC and SHAPE trials have redefined surgical 
radicality, neither trial addressed SLN mapping. SLN biopsy was optional 
in SHAPE (performed in only 38 %) and not addressed in LACC [6]. Nota-
bly, the LACC trial did not report the proportion of patients who under-
went SLN biopsy, preventing any assessment of its role or potential 
impact on outcomes [5]. 

5. Strengths and limitations 

A major strength of this study is its pragmatic, real-world design. 
Participating centers used their routine SLN mapping techniques and 
preferred tracers. Substantial effort was made to ensure procedural 
standardization: an instructional video was provided to all sites, detail-
ing tracer injection and SLN detection technique. The prospective multi-
center design and inclusion of the largest SLN mapping cohort to date 
enhance the generalizability of findings. Limitations include observa-
tional design, which is, however, mostly relevant for the assessment of 
surgical outcomes. Tracer selection was not randomized, but the robust 
bilateral detection across all strategies supports their reliability in 
clinical practice. While only patients with bilateral detection were 
eligible for primary analysis as per protocol, mapping-failure cases 
(i.e., unilateral or no SLN detection) were separately analyzed and did 
not affect associations between detection and clinical variables such as 
tumor size, prior conization, or BMI. One limitation concerns documen-
tation of atypical SLN locations. While the protocol recommended care-
ful intraoperative inspection of afferent lymphatic pathways, paraaortic 
SLNs could not be specifically reported in the postoperative form 
(Supplementary Fig. 2). Although a free-text field was available, no 
such drainage was recorded in any case, and its underreporting cannot 
be excluded. 

6. Conclusion 

This study confirms that SLN mapping in early-stage cervical cancer 
is highly reproducible, anatomically predictable, and consistently 
achieves high bilateral detection rates across patient subgroups, 
unaffected by histological subtype, body mass index, or prior conization. 
Bilateral SLN detection was achieved in over 92 % of patients, with 91.6 % 
of nodes located below the interiliac bifurcation (pelvic level I). 
Although bilateral detection was significantly lower in tumors >2 cm, 
detection rates remained above 90 %, supporting the feasibility of SLN 
mapping even in larger tumors. Mapping performance was consistently 
high across all commonly used tracers, with no single agent demon-
strating clear superiority. These results support the use of SLN biopsy 
in patients with FIGO 2018 stage T1A L1–T2A and negative preoperative 
lymph node imaging, and may help inform individualized surgical 
planning. 

Supplementary data to this article can be found online at https://doi. 
org/10.1016/j.ygyno.2025.09.018. 
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