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Cervical cancer (CC) is the fourth most common neoplasia in women worldwide. Although early-stage CC is often curable, 40 to 50% of patients are diagnosed at a locally advanced stage. Metastatic disease accounts for the principal cause of death. Lymph node (LN) status is a major factor impacting treatment options and prognosis. Historically, CC was staged based only on clinical findings. However, in 2018, imaging modalities and/or pathological findings were included in the International Federation of Gynecology and Obstetrics (FIGO) staging classification. In the last decades, LN status assessment has evolved considerably. Full pelvic lymphadenectomy used to be the only way to determine LN status. Currently, several options exist: surgery with full lymphadenectomy, sentinel lymph node (SLN) biopsy or imaging modalities such as computed tomography (CT), magnetic resonance imaging (MRI) and positron emission tomography (PET). Regarding surgery, the SLN biopsy technique has become a standard procedure in cases of CC, with indocyanine green (ICG) being the preferred dye. Pelvic MRI is a valuable imaging technique modality for the evaluation of pelvic LNs. In locally advanced or in early-stage disease with suspicious LNs on CT scans or MRI, PET/CT is recommended for assessment of nodal and distant status. The best strategy for LN assessment remains a highly controversial topic in the literature. In this article, we aim to review and compare the advantages and limitations of each modality, i.e. imaging or surgical (lymphadenectomy or SLN biopsy) approaches.
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1 Introduction

Cervical cancer (CC) ranks fourth among global women’s neoplasia, with over 85% of cases in developing countries. In 2022, there were 660,000 new cases and 350,000 deaths worldwide. Survival rates vary by stage, with 5-year overall survival (OS) at 92%, 65%, and 17% for early, locally advanced, and metastatic disease, respectively (1). In the Western world there is wider access to healthcare resources, including screening and vaccination programs, leading to different incidence and mortality rates. Based on the European Cancer Information System, it is estimated that CC accounts for 2.4% of all new cancer cases and for 2.4% of all female cancer deaths in the 27 European nations. Moreover, CC ranks as the 11th most common cancer among women in Europe (2). According to the International Agency for Research on Cancer, CC is the 13th most frequent cancer among women in Belgium, with an annual average of 639 and 236 new cases and deaths, respectively (3).

The International Federation of Gynecology and Obstetrics (FIGO) updated CC staging in 2018, incorporating imaging and pathology. Lymph node (LN) involvement determines stage IIIC, with sub-stages based on LN location and size of metastases. According to the TNM 8 classification of malignant tumors, macrometastases (MACs), micrometastases (MICs) and isolated tumor cells (ITCs) are reported as pN1, pN1(mi) and pN0, respectively (4). MACs and MICs are thus included in the FIGO 2018 classification, whereas ITCs are not.

LN status influences treatment decisions, such as extended-field radiotherapy (RT), and the potential use of immunotherapy in the future.

Traditionally, lymphadenectomy was the only way to accurately determine the LN status. Currently, several options exist: LN dissection, imaging techniques, or both. Nevertheless, the best strategy to detect metastatic LNs is a very controversial topic, regarding the choice of a surgical or radiological approach.




2 LN assessment in early-stage CC

Early-stage CC refers to FIGO 2018 IA, IB1 and IB2 disease and is determined by the depth of stromal invasion and the maximum tumor diameter.



2.1 Risk of pelvic and para-aortic nodal involvement

As tumor invasion depth increases, pelvic LN (PLN) metastasis likelihood rises, from 2.1% in stage IA1 to 3.9% in IA2 (2). Early-stage CC has typically < 5% para-aortic (PAo) LN metastases (5).

Lymphovascular space invasion (LVSI) strongly predicts positive LN status. In stage IB (FIGO 2009), LVSI presence correlates with LN involvement (9.3% vs. 1.7% without LVSI) (6). Stage IA1 rarely involves LN metastases, unless LVSI is present. Thus, according to the European Society of Gynaecological Oncology (ESGO)/the European Society for Radiotherapy and Oncology (ESTRO)/the European Society of Pathology (ESP) guidelines, LN staging is not indicated in T1a1 LVSI-negative patients, but can be considered in T1a1 LVSI-positive patients (7). This is true for both squamous cell and adenocarcinoma histology (8).

Tumor size is also predictive; ≤2 cm, 2–4 cm, and ≥4 cm tumors have LN involvement rates of 6%, 18.4%, and 36.4%, respectively.

Du et al.’s study assessed LN metastasis in stage IB (FIGO 1999) patients undergoing radical hysterectomy associated with a pelvic and PAo lymphadenectomy. Radiological methods [computed tomography (CT), magnetic resonance imaging (MRI), positron emission tomography (PET)/CT (PET/CT)] identified PLN, common iliac, and PAo LN metastases in 13.5%, 3.4%, and 4.7% of cases, respectively (9).

Wenzel et al. aimed to develop a risk stratification tool to identify women with early-stage CC (FIGO 2009 stages IA2, IB1, and IIA1) at low risk of LN metastasis. The authors analyzed clinicopathological risk factors in a substantial cohort of women from Denmark, Sweden, and the Netherlands. The authors found that LVSI was the most significant risk factor for LN metastasis, followed by tumor size of 21–40 mm and depth of invasion greater than 10 mm (10). This risk stratification tool provides key information, which assists in the shared decision-making process regarding LN dissection.




2.2 Pelvic region assessment

The pelvic lymphatic region includes the obturator, the external and internal iliac, the lower portion of the common iliac, the sacral and the para-rectal nodes.

The obturator and external iliac LNs are the most frequently invaded regions, while about 10% of the positive nodes are located in the presacral or internal iliac areas, and sometimes even above the aortic bifurcation.



2.2.1 Imaging

Imaging techniques to evaluate the nodal status include CT, MRI, PET, PET/CT, PET/MRI. The use of ultrasonography (US) will not be discussed here as it is of limited use for evaluating LN status, nor lymphangiography, which is only of historical interest.



2.2.1.1 Computed tomography

In the literature the accuracy of CT scans in detecting metastatic LNs varies from 37% to 86% (11). CT uses size criteria to evaluate nodal status: a LN is considered pathological (malignant) and measurable when its smallest axis is ≥ 10 mm (the smallest axis being the axis perpendicular to the largest axis of the LN) (12).

However, normal sized nodes can contain microscopic metastases, leading to false-negative (FN) results, while enlarged nodes due to inflammation or hyperplastic changes can give false-positive (FP) information.

In conclusion, CT has a limited role in accurately detecting metastatic LNs (11).




2.2.1.2 Magnetic resonance imaging

MRI is crucial for assessing tumor characteristics and LN status in CC, including extension into nearby structures and LN involvement. Pelvic MRI complements clinical examination, except in the case of T1A tumors with free margins post-conization (7).

While MRI shows high specificity (up to 96.8%) for nodal metastases, its sensitivity for PLNs is only 50%, compared to 66.6% for PAo LNs (13, 14). Functional MRI techniques such as dynamic contrast-enhanced (DCE) or diffusion-weighted imaging (DWI) improve nodal assessment, particularly by detecting larger metastatic LNs with decreased apparent diffusion coefficient (ADC) (15, 16).

However, both metastatic and non-pathological nodes may show diffusion restriction. Additional T1 and T2 weighted imaging aids LN morphology evaluation, with criteria for suspicious enlargement varying by location (17).

A meta-analysis reported DWI sensitivity and specificity at 0.86 and 0.84 respectively, with significant study heterogeneity (18).

In 2023, Shakur et al. highlighted MRI’s critical role in CC management, aiding treatment decisions by accurately assessing tumor size, parametrial involvement, and LN status (17).




2.2.1.3 Positron emission tomography/computed tomography with 2-deoxy-2-[fluorine-18]fluoro-D-glucose

Driscoll et al. showed PET/CT to be of limited value in their cohort of patients with early stage (stages IA–IB1) MRI LN negative CC (19). Signorelli et al. evaluated 159 women with stages IB1 and IIA CC, and demonstrated that PET/CT had low sensitivity (32.1%) for LN involvement and did not change treatment planning (20). This low sensitivity is consistent with a more recent and larger series demonstrating a sensitivity of 10–35% (21).

In conclusion, the clinical and cost benefits of PET/CT are limited when CT or MRI is negative.





2.2.2 Surgery

Historically, it was thought that CC’s LN spread was almost invariably from the pelvic wall to the common iliac and then PAo nodes. More recent studies, including those using the sentinel lymph node (SLN) mapping technique, highlight that any of the PLNs, and even the common iliac and low PAo LNs, may be the first site of LN metastasis.

Classically, PLN dissection includes bilateral removal of nodal tissue from the distal one-half of each common iliac artery, the anterior and medial aspect of the proximal half of the external iliac artery and vein, and the distal half of the anterior obturator fat pad to the obturator nerve (22, 23).



2.2.2.1 Full pelvic LN dissection (PLND) or SLN biopsy?



2.2.2.1.1 Definitions and rationale

While PLND can give complete pathological nodal sample evaluation, it carries the risk of both intra- and postoperative complications. Intraoperative complications include damage to neurovascular and ureteral structures, increased blood loss (and thus blood transfusions), but also increased surgical time. Postoperative risks include infection, venous thromboembolism, and lymphoedema or lymphocysts (24).

More recently, the SLN biopsy technique has been widely studied and has become the standard of care for CC. Following the 2023 ESGO/ESTRO/ESP guidelines, SLN biopsy before pelvic lymphadenectomy should be performed (7). Its advantages include easy cervix accessibility, straightforward dye injection, reduced operative time and morbidity compared to routine pelvic lymphadenectomy, thereby lowering leg lymphoedema risk. Furthermore, by detecting LNs in uncommon locations and identifying MICs and ITCs by ultrastaging, the SLN technique can enhance the detection rate of LN metastases (23). Indeed, Smits et al. demonstrated that in a population of 100 women with early-stage CC undergoing the SLN procedure, 37% of SLNs were found in unusual locations (27% in common and unusual locations, 10% in unusual locations only). Factors linked to higher incidences of unconventional nodal locations include lower body mass index, nulliparity and tumor size above 20 mm (25).

In a recent meta-analysis investigating the impact of SLN biopsy alone versus PLND on survival in patients with early-stage CC, both 5-year disease-free survival (DFS) and OS rate after SLN biopsy alone were greater than 90% and did not vary from PLND survival data. These results suggest that SLN biopsy could be considered the standard surgical procedure to reduce postoperative complications in patients with early-stage CC in order to improve quality of life (QoL) and prognosis, but further studies are needed to confirm these findings (26, 27).




2.2.2.1.2 SLN technique

The combination of technetium-99 (99mTc) and blue dye has been widely used, but recently there has been increasing interest in the use of fluorescent dyes such as indocyanine green (ICG), which could improve the SLN detection rate. According to the 2023 ESGO/ESTRO/ESP guidelines, ICG is the most efficient technique. A combination of blue dye with radiocolloid remains an alternative technique (7).

A 2016 meta-analysis by Ruscito et al. compared ICG to blue dye, with or without radioisotopes, demonstrating that ICG significantly improved the overall and bilateral SLN detection rates compared to blue dye; ICG was equivalent to radioisotopes alone or combined with blue dye (28). Moreover, the prospective randomized FILM trial found superior SLN detection rates with ICG compared to blue dye in patients with endometrial and cervical cancers (97% vs. 47%) (29).

Furthermore, Lührs et al. showed that combining ICG and 99mTc did not improve the bilateral detection rate of SLNs in CC (30). Of note, the COMBITEC study conclusions were identical, but in early-stage endometrial cancer (31).

In conclusion, according to the 2023 ESGO/ESTRO/ESP guidelines, ICG is the preferred technique, but a combination of blue dye with technetium remains an alternative approach (7).




2.2.2.1.3 Accuracy

The diagnostic accuracy of SLN mapping is crucial in reducing FN rates, as nodal status is a major factor impacting treatment options and prognosis. The goal is thus bilateral SLN detection in the pelvic region (32).

The Memorial Sloan Kettering Cancer Center (MSKCC) team created an algorithm for SLN mapping, known as the “MSKCC criteria”, incorporating SLN mapping into the surgical treatment of early stage CC, ensuring that LN metastases are accurately detected but minimizing the need for complete lymphadenectomy. Steps include: SLN removal and, in case of negativity on routine hematoxylin and eosin (H&E) staining, ultrastaging; removal of any suspicious LNs; side-specific LN dissection including inter-iliac or subaortic nodes if there is no mapping on a hemi-pelvis, and parametrectomy en bloc with resection of the cervical tumor (33, 34).

This approach significantly decreases FN incidence compared to the removal of colored nodes only (33). Tax et al.’s meta-analysis shows FIGO IA2, IB1, IIA primary tumor size <40 mm patients with no suspicious LNs, bilateral negative SLN post-ultrastaging, have a residual 0.08% (1/1257) occult metastasis risk under MSKCC criteria. Therefore, this study does not recommend full PLND in these cases (35).

SENTICOL I, a multicenter prospective longitudinal study from January 1, 2005, to June 30, 2007, assessed the sensitivity of SLN biopsy and negative predictive value (NPV) in 145 women with FIGO 1999 stage IA1 with LVSI to stage IB1. Using 99mTc lymphoscintigraphy and blue dye injection, surgeons proficient in SLN biopsy conducted laparoscopic LN mapping, SLN removal, and LN dissection. Routine staining was performed on both SLNs and non-SLNs, with negative SLNs undergoing ultrastaging. The study found combined labeling SLN detection to be effective, with over 95% SLN detection rate and bilateral detection in 76% of patients. It also demonstrated high sensitivity (92%) and NPV (98.2%), emphasizing the importance of bilateral detection for reliability (32).




2.2.2.1.4 Morbidity

The SENTICOL II trial focused on the morbidity associated with PLND. Patients with FIGO 2009 stage IA2 to IIA1 were randomized between SLN biopsy alone and SLN plus PLND, both followed by radical surgery (radical hysterectomy or trachelectomy). The primary endpoint was morbidity related to the LN dissection, while 3-year recurrence-free survival (RFS) was a secondary endpoint. The results revealed that SLN biopsy alone was associated with a lower rate of early complications, and improved QoL. The RFS was similar in both arms of the study (36).




2.2.2.1.5 Ongoing trials

Two prospective trials evaluating long-term oncological outcomes after SLN biopsy in early stage CC are ongoing and their results, if positive, would support the definitive implementation of the SLN approach.

SENTICOL III is an international, randomized, multicenter, single-blind trial. It compares SLN biopsy alone versus SLN biopsy plus PLND in terms of DFS and health-related QoL in patients with negative SLNs (27).

The PHENIX trial is another multicenter randomized trial that aims to evaluate the oncological outcomes of SLN biopsy alone versus PLND. The primary endpoint is DFS (37).




2.2.2.1.6 Frozen section examination

The FSE technique is controversial due to its poor sensitivity in detecting small metastases as ITCs and MICs. Indeed, sensitivity ranges from 42.3% to 87.5%, and increases from 56.4% to 88.9% when excluding ITCs (38–43). According to the 2023 ESGO/ESTRO/ESP guidelines, SLNs from both sides of the pelvis and any suspicious LNs should be assessed intra-operatively by frozen section (level of evidence III, recommendation grade A). Post-FSE, all SLNs should be processed according to the pathological protocol for ultrastaging (7). The “pathological” challenge is a balance between FSE accuracy, requiring substantial sampling, and the need to keep a sufficient number of slides for effective ultrastaging techniques (44).




2.2.2.1.7 Ultrastaging

SLN biopsy allows nodal ultrastaging. This technique combines serial sectioning and immunohistochemistry (IHC) and increases the detection of low-volume disease, such as MICs or ITCs that would not have otherwise been identified with routine histological examination and conventional staining.

The SLN must undergo complete processing, with precise cutting into 2-mm sections perpendicular to its length. If the initial assessment with H&E staining reveals no abnormalities, the ultrastaging procedure entails four levels spaced at 150-µm intervals. Four slides are obtained from each level: one with H&E staining, one with IHC staining, and two slides remaining unstained. Additionally, IHC is performed using the cytokeratin AE1/3 antibody (45).

Multiple different ultrastaging protocols are in endometrial and cervical cancers (46). Two main macroscopic slicing methods exist. The bread-loaf technique involves slicing the LN transversely into multiple thin sections, perpendicular to the long axis; LNs are cut into slices of uniform thickness, usually 2-3 mm, and each slice is examined histologically (47). It ensures that the entire node is sampled, increasing the chances of detecting small metastases, and provides a comprehensive view of the LN architecture, which is beneficial for the identification of small clusters of cancer cells. On the other hand, the longitudinal sectioning method involves slicing the LN longitudinally, along its longest axis. It helps to conserve the nodal architecture and may be useful in detecting metastases that are aligned along the node’s long axis (46). According to the latest ESGO/ESTRO/ESP guidelines, bread-loaf slicing is preferred for ultrastaging LN in CC; indeed, the ultrastaging procedure should include a minimum of five serial sections at 200 µm (7).

SENTIX is an international, multicenter, prospective cohort study evaluating SLN biopsy without PLN dissection in patients with early stage CC. The primary endpoint is the recurrence rate at 24 months after surgery. The null hypothesis is that the recurrence rate after SLN biopsy is non-inferior to the reference recurrence rate (7% in patients after systematic PLND), but that the SLN technique is associated with significantly lower postoperative morbidity. This study showed that the bilateral SLN detection rate reached 92.3% with the median of 3 SLNs per patient. The majority (97.3%) were localized in the pelvic level I, below the interiliac bifurcation. There was a low rate (1.3%) of isolated positive SLNs in pelvic level II (the common iliac and the presacral regions) and no SLNs in the low PAo region. No laterally distinct distribution of SLNs was found. This trial also revealed that, in early stage CC patients, SLN biopsy with pathological ultrastaging and no further lymphadenectomy is not associated with an increased risk of recurrence (48).

This strategy increases the prevalence of patients with positive LNs by up to 15% and improves LN staging, especially when SLNs are detected in both hemipelvises (49).

However, it is important to keep in mind that the use of ultrastaging does not significantly impact 5-year DFS, as demonstrated by Parpinel et al. in 2023 (26).





2.2.2.2 Radical surgery and LN staging: one or two successive operative steps?

Three surgical algorithms for SLN staging exist: one-step without intraoperative SLN assessment, one-step with FSE of SLNs, and a two-step strategy with definitive surgery after SLN ultrastaging results (38, 41, 50). Of note, knowing LN status during surgery is crucial for immediate treatment decisions, to prevent morbidity from combining radical surgery and adjuvant pelvic RT (51, 52).

The 2023 ESGO/ESTRO/ESP guidelines favor the one-step procedure with FSE, ideally using ICG dye for bilateral SLN detection, followed by complementary ultrastaging analysis. However, due to the poor accuracy of FSE in detecting low-volume metastases, a precise and rigorous pathological protocol is essential (42, 51, 53).






2.3 Para-aortic region assessment

The incidence of PAo LN involvement increases with tumor “T” stage. However, due to a low risk of PAo LN involvement in early stage CC, routine PAo LN dissection (PALND) is not recommended (54–56).

If any LN involvement is detected intraoperatively, PALND at least up to the inferior mesenteric artery (IMA) may be considered for staging purposes, before referring patients for definitive concurrent chemoradiotherapy (CCRT) (7).





3 LN assessment in locally advanced CC (LACC)

LACC refers to FIGO 2018 stage T1B3 (tumor confined to the cervix with a tumor > 4 cm in greatest dimension) to T4A (tumor invading the mucosa of the bladder or rectum, or extends beyond the true pelvis to adjacent pelvic organs).

In the LACC setting, PLNs are involved in about 30–50% of cases, and PAo LNs may be involved in 10–35%. The rate of clinically occult PAo LN metastases rises from 12% to 22% in the presence of affected PLNs (57).

Staging of LACC patients can be achieved using imaging techniques such as 18F-FDG-PET/CT; however, regarding PAo LN assessment, FN rates can be as high as 20%, particularly in patients with positive PLN metastases. In this context, surgical staging allows patients with microscopic PAo LN metastases to be identified. This is of major importance for LACC treatment based on chemoradiation followed by brachytherapy (7). Indeed, PAo LN involvement leads to an extended-field RT, and in the near future to the addition of pembrolizumab, as in the ENGOT-cx11/KEYNOTE A18 trial (57–59).

The role of neoadjuvant chemotherapy (NACT) in CC is still under study, and it is not universally accepted as standard care.

A study by Mereu et. al., as well as the EORTC 55994 trial, compared NACT followed by surgery with concurrent chemoradiation; it provided mixed results and highlighted the need for patient-specific treatment decisions (60, 61).

On the other hand, findings from the GCIG INTERLACE trial revealed that patients with LACC who received induction chemotherapy before CCRT experienced higher PFS and OS rates at 5 years, compared to those who underwent CCRT alone​ (62).



3.1 Risk of pelvic and PAo LN involvement

The risk of PAo LN involvement increases as the local disease extent increases; pathologically confirmed PAo disease after surgical staging is present in 21% of cases in stage IB3 and rises up to 35% in stage IIIB (63, 64).

In a 2017 prospective randomized trial, 234 patients with FIGO 2009 stage IIB-IVA CC were randomly assigned to surgical staging (arm A) or to clinical staging and primary chemoradiation (arm B). Arm B patients underwent CT-guided biopsy of suspicious PAo LNs. Confirmed PAo metastasis patients received extended-field RT. Pelvic and PAo LN metastases were identified after surgical staging in 51% and 24% of patients, respectively (65). There was no data on survival outcomes described in this study.




3.2 Pelvic region assessment

PLN status is evaluated by MRI and also by 18F-FDG-PET/CT. This status is very useful in deciding the best strategy regarding PAo LN assessment. It also supports the practice of external beam radiation boost directed towards positive PLNs at the initial imaging work-up (64, 66, 67).




3.3 PAo region assessment

PAo LN detection is a crucial point as it can result in upstaging, thus in modifying the treatment plan with extended-field RT. Nevertheless, the best strategy for detection of PAo LNs remains controversial, regarding whether to perform a surgical versus a radiological staging.



3.3.1 Imaging



3.3.1.1 18F-FDG-PET/CT

Whole body 18F-FDG-PET/CT is clearly the preferred imaging modality for detecting LN metastases in LACC patients (68, 69); several meta-analyses have shown its diagnostic performance superiority over CT and MRI (70, 71).

PLN uptake is the most significant factor for predicting PAo LN extension (72), with this risk increasing with the number of PLNs involved (5, 66, 67).

Although highly specific for detecting metastatic PAo LNs, 18F-FDG-PET/CT has an FP rate of 6% (73), related to FDG uptake by inflammatory nodes or misinterpretation of physiological FDG uptake in the ovary, intestine or urinary tract (74); a FN rate of 12% (57, 70, 75), which doubles to 22% for patients with PET/CT positive PLNs due to its limited spatial resolution (about 5 mm) is described (73).

More recently, volume-based metabolic parameters such as metabolic tumor volume (MTV) and total lesion glycolysis (TLG) have been adopted to measure the metabolic activity of the primary tumor, or the entire LN (67, 76, 77). Each 10 cm³ increase in MTV has been associated with a 1.24 higher risk of PAo LN involvement (66).

The 2023 ESGO/ESTRO/ESP guidelines recommend PET/CT for assessing nodal and distant disease in cases of suspicious LNs on imaging (types of imaging technique not specified) (7).

Despite its FN rate in cases of positive PLNs, 18F-FDG-PET/CT remains the most accurate imaging tool for evaluating PAo extension in LACC (66).




3.3.1.2 PET-MRI

PET/MRI is a new modality that combines the advantages of local staging of MRI LN detection by PET. PET/MRI could significantly improve LN detection compared to PET/CT. In a study published in 2021 by Zhu et al., the sensitivity, specificity, and accuracy of PET/MRI in the diagnosis of LNs were 94.74%, 93.33% and 93.88%, respectively. These results show that PET/MRI is more accurate than the other imaging modalities (78). However, its use is not currently a common practice.





3.3.2 Surgery



3.3.2.1 Purpose

The risk of PAo LN involvement is correlated with the metabolic PLN metabolic status.

A phase II single-arm trial on 237 patients with 18F-FDG-PET/CT negative PAo LNs, who benefited from laparoscopic staging, demonstrated a 12% false discovery rate for the detection of positive PAo LNs using metabolic imaging. Moreover, Gouy et al. reported identical survival rates in patients with PAo LN metastases of < 5 mm detected surgically and in patients without PAo LN involvement, suggesting a potential impact of lymphadenectomy on survival (72, 79).

In a study including 125 patients with negative PAo LN uptake on 18F-FDG-PET/CT who underwent PALND, Martinez et al. showed a FN rate of 27.7% and 5.1% in patients with and without 18F-FDG-PET/CT pelvic LN uptake, respectively. In fact, the risk of PAo involvement increases with the number of suspicious PLNs and with the increasing values of PLN metabolic parameters. The author concluded that the risk of PAo LN metastasis in cases of patients with 18F-FDG-PET/CT negative pelvic status is very low, so PALND does not appear to be justified. In contrast, for patients with preoperative PLN uptake on 18F-FDG-PET/CT, surgical staging led to treatment modification in more than 25% of cases and should therefore be performed (66). De Cuypere et al. confirmed these data in a retrospective study (67).

According to the 2023 ESGO/ESTRO/ESP guidelines, PALND (at least up to the IMA) may be used to evaluate the need for elective PAo external beam RT in patients with negative PAo LNs and positive PLNs on imaging (level of evidence IV, grade of recommendation C). If PALND is not performed, the indication for elective PAo irradiation can be based on the number of level I positive nodes on imaging (external iliac, interiliac, internal iliac, e.g. >2 positive nodes). Moreover, elective PAo radiation should always be applied in patients who have even one positive node at level II (common iliac), and above, on imaging (7).

Surgical removal of large pathological pelvic and/or PAo LNs before definitive CCRT is not routinely recommended (7).

Of note, only 2 randomized controlled trials have been performed to address the question of radiological-clinical or surgical PAo LN evaluation. The Lai et al. study was prematurely closed and limited by numerous methodological biases. The UTERUS-11 is a study that compared surgical and radiological LN staging in 225 FIGO 2009 IIB-IVA patients, with a median follow-up of 90 months. The author showed that OS and PFS were not statistically different, whereas cancer-specific survival (CSS) favored the surgical approach. Moreover, surgical staging, that included complete pelvic and PAo LN dissection, was safe and neither delayed CCRT nor increased complications (80).

The results of the Lymphadenectomy in Locally Advanced Cervical Cancer Study (LiLACS) are pending, but this randomized phase III trial has been definitively closed. Patients with 18F-FDG-PET/CT positive pelvic and negative PAo LNs were randomized into 2 groups: pelvic CCRT versus laparoscopic extraperitoneal PAo lymphadenectomy and tailored CCRT, with OS as the primary endpoint. Results from already accrued patients may clarify the role of prophylactic treatment of PAo LNs in patients at high risk of subclinical involvement (81).




3.3.2.2 Morbidity

When retroperitoneal PALND is performed by experienced teams, both the risk of grades 3-4 intraoperative morbidity, and the proportion of patients whose CCRT is delayed by more than 30 days after surgery, are less than 5% (82). The most frequent early postoperative causes of morbidity are lymphatic complications such as lymphocele and lymphoedema. A study showed that lymphocysts occurred in 21.4% and 20.6% of cases when an inframesenteric and infrarenal lymphadenectomy (IM/IR-LND) was performed, respectively (83).




3.3.2.3 Surgical approach for PALND

Debate persists regarding the upper extent of lymphadenectomy, with some favoring dissection to the left renal vein and others to the origin of the IMA (84). Petitnicolas et al.’s study found shorter operating times with inframesenteric lymphadenectomy and similar complication rates (83). Limited IMA dissection proponents argue that supramesenteric LN metastases, thus above the IMA, without involvement below are rare, with 1.36-3.3% of isolated supramesenteric metastases (84–86). Nevertheless, Gil-Moreno et al. reported that inframesenteric aortic nodes are negative in the presence of positive infrarenal nodes in about one third of patients with LACC and aortic metastases (87). Both ESGO/ESTRO/ESP and National Comprehensive Cancer Network (NCCN) guidelines recommend PALND at least up to the IMA for staging purposes (7, 88).

Historically, staging was done via transperitoneal laparotomy, but due to high morbidity (28-30%) and mortality (6-22%) rates it was replaced by transperitoneal laparoscopy in the 1990s (57); later, the laparoscopic extraperitoneal (retroperitoneal) approach was adopted (89, 90). The laparoscopic procedure has a complication rate of 4% to 18%, with lymphocysts being the most common issue (58). The transperitoneal method offers a larger working area and familiar landmarks but may require bowel mobilization. The extraperitoneal technique, while offering reduced bowel injury and adhesions and being feasible despite previous surgery, offers a limited working space and few landmarks, increasing the risk of disorientation (91). The 2023 ESGO/ESTRO/ESP guidelines do not endorse a preferred surgical method. Of note, SLNs are frequently found below the common iliac bifurcation, limiting this technique’s usefulness in detecting PAo LN metastases (48, 92).







4 Fertility sparing treatment

Recent studies highlight the critical role of a multidisciplinary approach in CC management, especially in the case of fertility-sparing treatment (FST). Fertility-sparing procedures include conization, simple trachelectomy, radical (vaginal) trachelectomy and abdominal radical trachelectomy. FST is a viable alternative to radical hysterectomy for young patients with squamous cell carcinoma or HPV-related adenocarcinoma <2 cm and negative PLNs, who wish to preserve their fertility.

Essential imaging tests, such as pelvic MRI and/or expert US, are necessary to assess the cervical length before (upper tumor-free margin) and after cone biopsy. Negative PLN status is essential for FST eligibility, making PLN staging the initial and crucial step in the process (excluding T1a1 LVSI negative patients). Identification and ultrastaging of SLNs is highly recommended. Any suspicious LNs, other than SLNs, found during surgery should be removed and sent for FSE. If SLNs cannot be detected on either side of the pelvis, a PLND should be performed on that side. If PLN involvement is detected during surgery, FST should be discontinued in favor of concurrent chemoradiotherapy and brachytherapy.

Additionally, the phase II CONTESSA/NEOCON-F trial aims to evaluate NACT followed by fertility-sparing surgery in FIGO 2018 stage IB2 CC patients who desire to preserve fertility (7, 93).




5 Best imaging during pregnancy

Ionizing imaging procedures, especially in early pregnancy, should be avoided due to potential risks on fetal development. CT scans are generally not recommended but could be used in cases of absolute necessity (7, 94). Non-ionizing methods such as US and MRI are preferred for evaluation of tumor characteristics and LN involvement, although gadolinium-enhanced MRI is not advised due to associated risks of stillbirth (94).

Whole-body diffusion-weighted MRI (WB-DWI/MRI) is a suitable alternative to 18F-FDG-PET/CT (that should be avoided) for detecting metastases without harming the fetus, and can also eliminate the need for gadolinium contrast and radiation for nodal and distant staging during pregnancy (7, 94).

Moreover, Ishiguro et al. support the use of MRI, especially without contrast, for managing CC in pregnant patients while ensuring fetal safety (95).




6 Artificial intelligence and radiomics

Artificial intelligence (AI) is a field of computer science and engineering focused on creating machines that can replicate human thinking and behavior to perform a series of tasks. AI technology primarily relies on machine learning (ML) and deep learning (DL) techniques. ML involves training models to optimize performance metrics using example data. DL, a newer sub-category of ML, is able to automatically learn representations of data, with neural networks being a key method (96, 97). The term “radiomics” refers to the automated identification of unique prognostic and diagnostic features in cancer imaging data. Radiomics focuses on enhancing image analysis through automated high-throughput extraction of numerous quantitative features from medical images (98).

A 2022 meta-analysis by Li et al. assessed the diagnostic performance of MRI-based radiomic features for preoperative prediction of LN metastasis in CC patients. The study reported good prediction performance, with an overall AUC of 0.83, sensitivity of 80%, and specificity of 76%. These findings indicate that MRI-based radiomic features can improve the accuracy of predicting LN metastasis. However, well-designed prospective studies with strict standardization of radiomics protocols are needed to validate its diagnostic performance and develop this technique for daily clinical use (99).

Recently, Lucia et al. focused on creating ML models to predict PAo LN involvement in patients with LACC prior to chemoradiotherapy by utilizing 18F-FDG-PET/CT and MRI radiomics. Their findings indicate that radiomic features significantly surpass clinical parameters in guiding the decision to undertake PAo LN staging or extended-field RT (100).




7 Conclusion

In early-stage CC, pelvic MRI is essential for the initial diagnostic work-up. In terms of surgical approach, SLN biopsy with ICG is the standard of care, with the SLNs subjected to FSE. SLNs need to be found per hemipelvis; otherwise a side-specific PLND is necessary. The MSKCC criteria ensure accurate LN metastasis detection while minimizing the need for complete lymphadenectomy.

In LACC, identifying PAo LNs is crucial for treatment planning, with 18F-FDG-PET/CT considered the most accurate imaging tool for evaluating PAo extension. Surgical staging involves PALND using a minimally invasive technique, with debates over the extent of dissection and preferred approach. In the LACC setting, assessing LN status involves a complementary approach, combining both imaging and surgery.

There are still several unresolved questions as to the impact of radiomic techniques.
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