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De-escalating the Axilla: A Systematic Evaluation of Sentinel Lymph Node Biopsy Reliability and Oncological Safety in the Post-Neoadjuvant Landscape



ABSTRACT
Introduction 
Breast cancer management is increasingly shifting toward minimally invasive procedures. While neoadjuvant chemotherapy (NACT) is used to downstage locally advanced disease, it can induce lymphatic fibrosis, potentially compromising the identification rate (IR) and false-negative rate (FNR) of sentinel lymph node biopsy (SLNB). This systematic review evaluates the reliability and oncological safety of SLNB in patients following NACT.

Methodology 
Following PRISMA guidelines, a systematic search was conducted across PubMed, Scopus, and Google Scholar using keywords like "Locally Advanced Breast Cancer", “Neoadjuvant Chemotherapy” and "Sentinel Lymph Node Biopsy". Inclusion criteria focused on free full-text studies published between 2020 and 2025 that examined SLNB post-NACT. Ten studies were selected for final analysis, comprising six prospective and four retrospective cohorts. Total number of patients included were 1656. 

Results 
IRs ranged from 49.54% to 96.8%, though dual tracer mapping achieved success rates up to 100%. FNRs varied significantly, from 11% with dual mapping to as high as 50% with single tracers. Accuracy improved notably by harvesting three or more nodes, which reduced the FNR to acceptable levels, reaching 0% in specific cohorts. Innovative methods like the "black node" technique (pre-NACT tattooing) showed an FNR of 0% in initially cN0 patients. Triple-negative and HER2-positive subtypes had the highest response rates, with some achieving zero SLNB-positivity. Five-year overall survival was high (95.2%-97.6%), and axillary recurrence remained low (1.1%-2.3%), with no significant difference compared to radical dissection.

Conclusion
SLNB is a feasible, safe, and reliable alternative to radical axillary clearance in the post-NACT setting. Success is maximized through dual tracer mapping, retrieval of at least three nodes, and consideration of tumour biology. These strategies support the continued de-escalation of axillary surgery, reducing patient morbidity while maintaining oncological safety.
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1. Introduction
Breast cancer is the most common malignancy among women worldwide [1,2]. The treatment strategies have currently shifted from radical surgeries towards minimally invasive procedures. Sentinel lymph node biopsy (SLNB) is the standard method for axillary staging in clinically node-negative (cN0) patients, significantly reducing the morbidity associated with axillary lymph node dissection (ALND) - such as lymphedema and sensory neuropathy [3-7]. Neoadjuvant chemotherapy (NACT) is increasingly used to downstage locally advanced breast cancer (LABC), potentially allowing for breast-conserving surgery and converting node-positive (cN+) patients to clinically node-negative (ycN0) status [8-11].
The reliability of SLNB following NACT is a central focus of modern breast cancer management. While NACT is highly effective at downstaging locally advanced disease, it can induce lymphatic fibrosis and disruption, which potentially alters drainage patterns and lowers identification rates (IR) while increasing false-negative rates (FNR) [12-14]. However, higher IRs can be achieved by employing specialized mapping techniques and patient selection.
To improve accuracy, the use of dual tracer mapping is widely recommended. Combining methylene blue with radioactive colloid has been shown to achieve a high IR and a significantly lower FNR, compared to single-agent mapping [15-18]. In resource-limited settings where radiocolloids may be unavailable, low-cost alternatives such as the combination of fluorescein and blue dye have proven effective [19,20]. Furthermore, the number of nodes retrieved is a critical prognostic factor - harvesting three or more nodes or identifying at least two sentinel nodes has been shown to reduce the FNR to acceptable limits [15-18].
The biological subtype of the tumour is a primary determinant of nodal response. Patients with Triple-negative (TNBC) and HER2-positive subtypes demonstrate the highest rates of pathological complete response (pCR) [21-24]. In cases where pCR in the primary tumour (ypT0) is achieved, the risk of residual nodal disease is exceptionally low, particularly for TNBC and HR-/HER2+ patients [25,26]. Consequently, there is growing debate regarding the potential to safely omit axillary surgery altogether in these high-responding molecular subtypes.
Innovative methods are also being developed to enhance nodal identification. Pre-NACT tattooing of the primary tumour with black ink allows for the permanent marking of the sentinel node, creating a "black node" that can be identified intraoperatively [27].
While concerns regarding accuracy persist, the implementation of dual tracers, retrieval of multiple nodes, and consideration of tumour biology ensure that SLNB remains a feasible and safe staging tool. These strategies collectively support the continued de-escalation of axillary surgery, sparing a significant number of patients the long-term morbidity of radical clearance.



2. Methodology
Pubmed, Scopus and Google Scholar databases were systematically searched with keywords - “Locally Advanced Breast Cancer”, "Neoadjuvant Chemotherapy”, and “Sentinel Lymph Node Biopsy”. Studies using SLNB in post-NACT settings in LABC cases were included. PRISMA guidelines were followed (figure 1). Initially, a total of 688 articles were retrieved. Studies without English text, preprints and review articles were excluded. Studies published within 2020 to 2025 and only with free full texts were included. Finally, 10 studies were included for analysis. Total number of patients included were 1656.
6 were prospective and 4 were retrospective studies. Two independent reviewers extracted the data. Details of the included articles have been summarized in table 1.
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Figure 1. PRISMA Flowchart







Table 1. Summary of articles included for review
	Study
	Design
	Objective
	Patient Population

	Arjunan et al. (2020) [29]
	Prospective cohort study

	To determine the feasibility, IR, and FNR of SLNB in LABC patients after NACT
	44 LABC patients (T3, T4 with cN0 or cN1) who were node-negative or converted to node-negative post-NACT

	Alors-Ruiz et al. (2024) [31]
	Prospective cohort study
	To evaluate predictive variables for SLNB-negativity and survival to assess the possible omission of SLNB after NACT in cN0 patients
	179 women with cN0 breast cancer (treated with NACT and subsequent surgery)

	Sulthana et al. (2024) [32]
	Prospective cohort study
	To determine the FNR and IR of SLNB in breast cancer patients who received NACT
	19 node-positive patients who became clinically and radiologically node-negative post-NACT

	Bhargavan et al. (2024) [33]
	Prospective cross-sectional study
	To evaluate the hypothesis that the "black node" (identified via pre-NACT tattooing) is the sentinel node in post-NACT LABC patients
	214 women with biopsy-proven LABC (cT3 or 4, N0–3 or any T, N 2–3) undergoing surgery after NACT

	Somashekhar & Abhishek (2025) [28]
	Prospective cohort study

	To evaluate SLNB in post-NACT patients, assessing axillary metastases, residual disease, and cancer staging
	30 breast cancer patients (cT1-4, cN0-2) who completed 4 cycles of chemotherapy

	Shreya et al. (2025) [30]
	Prospective cohort study
	To evaluate the predictive accuracy of SLNB post-NACT and its correlation with clinical, imaging, and histopathological nodal status
	109 female patients with LABC who received at least two cycles of NACT 

	Sanchez et al. (2021) [36]
	Retrospective cohort study
	To assess the feasibility and prognostic significance (Overall Survival, Distant Disease-Free Survival, Regional Disease-Free Survival) of SLNB status in ycN0 patients
	399 ycN0 patients (219 initially cN0, 180 initially cN1/2)

	Zahwe et al. (2023) [34]
	Retrospective cohort study
	To evaluate long-term oncological outcomes of SLNB after NACT and compare results between initially node-negative and node-positive patients
	186 breast cancer patients (all women) who received NACT 

	Tinterri et al. (2023) [35]
	Retrospective cohort study
	To assess the reliability and clinical significance of SLNB by comparing oncological outcomes between cN0 and cN+ patients prior to NACT
	291 patients (131 cN0, 160 cN+ who became ycN0 after NACT)

	Ergenç et al. (2025) [37]
	Retrospective cohort study
	To evaluate the efficacy and axillary recurrence rate of SLNB using blue dye-only in patients post-NACT
	185 ycN0 patients (68 initially cN0, 117 initially cN1)




3. Result
3.1 Feasibility: Identification Rates 
The feasibility of SLNB post-NACT is measured primarily by the IR, which varies based on the mapping technique and initial nodal status. IRs ranges were noted from as low as 49.54% and 68.42% in some prospective cohorts to high rates of 90%-96.8%. The use of dual tracers (blue dye plus radiocolloid) significantly improved success, achieving a 100% IR in multiple studies. Single-agent mapping using blue dye alone reported variable IRs, such as 88%-91%. The IRs of included articles have been tabulated in table 2.

Table 2. Identification Rate of included studies
	Study
	Identification Rate 

	Somashekhar & Abhishek [28]
	90%

	Arjunan et al. [29]
	· 86.4%
· 100% (dual method)
· 66.7% (single-agent)

	Shreya et al. [30]
	49.54%

	Alors-Ruiz et al. [31]
	>95%

	Sulthana et al. [32]
	68.42%

	Bhargavan et al. [33]
	· 88.8%
· 100% (cN0 subset) 
· 96.6% (cN1 subset)

	Zahwe et al. [34]
	· 100% (cN0)
· 96.6% (cN+)

	Tinterri et al. [35]
	100%

	Sanchez et al. [36]
	· 96.8%
· 98.2% (cN0 patients)
· 95.2% (cN+ patients)

	Ergenç et al. [37]
	· 89.2%
· 91.2% (cN0)
· 88.0% (cN1)



3.2 Diagnostic Accuracy: False Negative Rates
The FNR remains the most critical concern for oncological safety. Current expert consensus suggests an FNR <10% is ideal for clinical reliability. Reported FNRs ranged from 11% with dual mapping to 18.4%-25% with single tracer methods. FNR decreased as more nodes were harvested. It was found to be 0% when two or more sentinel nodes were identified. The "black node" technique (pre-NACT tattooing) achieved an FNR of 0% in cN0 patients and 4.63% in cN1 patients. The FNRs of included articles have been tabulated in table 3.

Table 3. False Negative Rate of included studies
	Study
	False Negative Rate 

	Somashekhar & Abhishek [28]
	18.4%

	Arjunan et al. [29]
	· 21.4% 
· 11% (dual mapping) 
· 50% (methylene blue)
· 33.3% (radioactive colloid)

	Sulthana et al. [32]
	25%

	Bhargavan et al. [33]
	· 17.4% 
· 0% (cN0)
· 4.63% (cN1)
· 35.8% (cN2)
· 27.8% (cN3)



3.3 Pathological Response and Tumour Biology
NACT effectively downstages nodal disease, but response is highly dependent on tumour characteristics. Studies reported that 68.2% to 70.64% of patients became clinically node negative after NACT. pCR rates ranged from 26.7% to 39.7%. TNBC and HER2-positive subtypes showed the highest pCR rates (often >50%) and zero SLNB-positivity in patients achieving breast pCR. This has led to the suggestion that SLNB might be safely omitted in highly selected pCR cases.
3.4 Oncological Safety and Survival
Long-term data suggested that SLNB is a safe alternative to ALND for ycN0 patients. Five-year Overall Survival (OS) was high, with reports of 95.2% to 97.6%. Multiple retrospective analyses found no statistically significant difference in OS, Disease-Free Survival (DFS), or Distant Disease-Free Survival (DDFS) between patients who were initially cN0 and those who converted from cN+ to ycN0. Recurrence rates in the axilla remained low, ranging from 1.1% to 2.3%.


4. Discussion
The management of the axilla in breast cancer has undergone a paradigm shift, moving from the radical extirpation principles of Halsted toward biologically driven, de-escalated surgical interventions. While SLNB is the undisputed gold standard for axillary staging in cN0 patients, its application following NACT remains one of the most debated topics in surgical oncology. The core of this debate rests on whether the chemotherapy-induced changes to the lymphatic architecture - such as fibrosis and altered drainage, jeopardize the IR and FNR to an extent that compromises oncological safety.
A critical factor in the success of post-NACT SLNB is the mapping technique employed [38]. Traditional teaching suggested that NACT might impair lymphatic drainage, leading to dismal identification rates. Indeed, some prospective cohorts in the review reported success in only 49.54% to 68.42% of cases when using single-tracer methods. However, more contemporary data suggest that high identification rates are achievable, particularly with dual tracer mapping [39]. The evidence analysed for this review consistently showed that combining radioactive colloid and blue dye provides the most robust results, often reaching a 100% IR. In settings where radiocolloids are unavailable due to cost or regulatory constraints, the studies highlight effective alternatives. For example, the use of fluorescein combined with methylene blue or even methylene blue alone in experienced hands yielded IRs of 90% to 95%. These findings reinforce the observation that the learning curve and surgical experience of the operating team are as vital as the tracers used [40].
The primary concern regarding SLNB post-NACT is the FNR. Historical trials like ACOSOG Z1071 and SENTINA reported FNR around the 10% threshold with dual dye technique and harvesting 3 or more nodes, which is generally accepted for clinical safety [15,17]. The articles included for review reported variable FNRs, ranging from a low of 11% with dual mapping to as high as 25% with single-agent techniques. This inaccuracy is often attributed to "skip metastases," where NACT eradicates disease in the sentinel node but leaves residual cancer in higher-level nodes [41,42]. To mitigate this risk, two critical strategies have been emphasized - node count and targeted techniques. Harvesting three or more nodes significantly reduces the FNR [15,17,38]. For instance, one study noted an FNR of 0% when two or more sentinel nodes were identified. This has led to the development of targeted axillary dissection (TAD), which involves marking positive nodes before NACT to ensure their retrieval. An innovative and cost-effective iteration of this is the "black node" technique. By tattooing the primary tumour area prior to NACT, surgeons can visually identify the first-echelon node by its permanent pigment [27]. This method achieved an FNR of 0% to 4.63% in patients with a low pre-NACT nodal burden (cN0/cN1), demonstrating its potential as a reliable predictor of axillary status in resource-limited settings.
A significant insight provided by the review is that axillary management should be tailored to molecular subtypes. Patients with TNBC and HER2-positive disease are "excellent responders" to NACT. The probability of achieving a pCR in these subtypes often exceeds 50% [21-24]. Crucially, the review demonstrates a strong correlation between pCR in the breast (ypT0) and a negative axilla. In one study, TNBC and HER2+ patients who achieved a breast pCR had zero SLNB positivity, suggesting that the axilla was cleared of disease in every single case. This has fueled a growing movement toward the complete omission of axillary surgery in highly selected, high-responding patients. Conversely, patients with hormone receptor-positive (HR+) disease show much lower pCR rates (often <10%), and SLNB-negativity in this group is less predictable [43,44]. This suggests that anatomical staging remains paramount for the HR+ subtype, whereas biological response may soon guide the management of TNBC and HER2+ cases.
Despite concerns over FNR, the long-term survival data presented in the review are highly encouraging. Retrospective analyses showed that axillary recurrence was rare, ranging from 1.1% to 2.3%. These low failure rates occur even in cohorts where the FNR might theoretically be higher than the 10% ideal. Furthermore, several studies found no statistically significant difference in 5-year OS or DFS between patients undergoing SLNB alone versus those receiving radical ALND after NACT. This indicates that the prognostic power of SLNB is maintained post-NACT - a positive sentinel node remains a strong independent predictor of worse survival outcomes, allowing clinicians to escalate adjuvant therapies appropriately. These findings support the conclusion that SLNB is an oncologically safe alternative to ALND for patients who are clinically node-negative after systemic therapy. The integration of SLNB into the post-NACT workflow offers the tangible benefit of reducing surgical morbidity, specifically the "ugly appearance" and functional impairment of upper limb lymphedema and paresthesia associated with ALND [3-7].
The current review is bound by multiple limitations. Only last 5-year articles have been included - this limit the sample size and scope of this review. Articles with free full texts only were included - which may have led to potential selection bias. A formal methodological quality assessment, heterogeneity assessment and risk of bias assessment was not performed. A more structured review with a proper statistical synthesis or a meta-analysis may yield more important highlights in this aspect. 
As breast units move toward further de-escalation, the focus is shifting toward personalized axillary management. Integration of artificial intelligence may help to augment this approach. However, challenges remain. The review advises caution in patients with a high initial nodal burden (cN2/cN3) or those who do not achieve a complete clinical response to NACT, as the risk of residual disease and procedural failure is significantly higher in these groups. For these patients, ALND remains the standard of care to ensure locoregional control. 


5. Conclusion
NACT is a powerful tool for downstaging axillary disease, often converting node-positive patients to clinically node-negative status. SLNB is a feasible and safe staging modality following NACT, providing accurate prognostic information with low axillary recurrence rates. While SLNB reliability post-NACT has been debated due to chemotherapy-induced lymphatic disruption, accuracy is significantly optimized through specific surgical strategies. Dual tracer mapping (combining dye and radiocolloids) and the retrieval of at least three sentinel nodes are strongly recommended to minimize FNR. Innovative methods, such as pre-chemotherapy breast tattooing, have emerged as effective and cost-efficient techniques. Long-term oncological data confirm that there is no statistically significant difference in OS or DFS between patients undergoing SLNB alone versus those receiving radical ALND after NACT. Tumour biology is a critical predictor - patients with TNBC and HER2-positive subtypes who achieve a pCR show excellent outcomes. In conclusion, SLNB is a reliable alternative to ALND in the post-neoadjuvant setting. Its success depends on careful patient selection, meticulous mapping techniques, and a multimodal approach integrating clinical, radiological, and pathological assessments.
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