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Abstract

:

Landmark trials (Z0011 and AMAROS) have demonstrated that axillary lymph node dissection (ALND) can be safely omitted in patients with breast cancer and 1–2 positive sentinel nodes. Extrapolating from these and other cardinal studies such as NSABP B-04, guidelines state that patients with 1–2 needle biopsy-proven positive lymph nodes undergoing upfront surgery can have sentinel lymph node biopsy (SLNB) alone. The purpose of this study is to systematically review the literature to identify studies examining the direct application of SLNB in such patients. EMBASE and Ovid MEDLINE were searched from inception to 3 May 2022. Studies including patients with nodal involvement confirmed on pre-operative biopsy and undergoing SLNB were identified. Studies with neoadjuvant chemotherapy were excluded. Search resulted in 2518 records, of which 68 full-text studies were reviewed, ultimately yielding only 2 studies meeting inclusion criteria. Both studies used targeted axillary surgery (TAS) with pre-operative localization of the biopsy-proven positive node in addition to standard SLNB techniques. In a non-randomized single-center prospective study, Lee et al. report no regional recurrences in patients undergoing TAS or ALND, and no difference in distant recurrence or mortality at 5 years. In the prospective multicenter TAXIS trial by Webber et al., the median number of positive nodes retrieved with TAS in patients undergoing upfront surgery was 2 (1, 4 IQR). Within the subset of patients who underwent subsequent ALND, 61 (70.9%) had additional positive nodes, with 26 (30.2%) patients having ≥4 additional positive nodes. Our review demonstrates that there is limited direct evidence for SLNB alone in clinically node-positive patients undergoing upfront surgery. Available data suggest a high proportion of patients with residual disease in this setting. While the totality of the data, mostly indirect evidence, suggests SLNB alone may be safe, we call on clinicians and researchers to prospectively collect data on this patient population to better inform decision-making.
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1. Introduction


The last half-century has seen a fundamental evolution in the surgical management of invasive breast cancer to reduce the morbidity of treatment. Much research has focused on the de-escalation of axillary surgery as axillary lymph node dissection (ALND) is associated with an estimated 25% risk of lymphedema, which can reduce the quality of life in affected patients [1,2,3]. The safety of sentinel lymph node biopsy(SLNB) in node-negative patients was established by the NSABP B-32 trial, which showed no difference in overall survival between patients undergoing ALND and SLNB [4]. Building on this, trials including IBCSG-23, Z0011, and AMAROS demonstrated no difference in risk of recurrence in patients with a limited number of sentinel nodes involved with micrometastatic or macrometastatic disease treated with SLNB alone compared to completion ALND, undergoing breast-conserving surgery or mastectomy [5,6,7]. However, patients with clinically node-positive disease are not included in these trials. For patients with clinically node-positive disease treated with neoadjuvant chemotherapy and found to have a complete clinical response to treatment, ACOSOG 1071, SN FNAC, and SENTINA demonstrated that there can be an acceptably low false negative rate of SLNB with the use of dual tracer technique, routine immunohistochemistry, and retrieval of a minimum of three nodes [8,9,10]. Reported rates of nodal complete response following neoadjuvant chemotherapy range from 35–63% meaning these patients can be spared an ALND [11]. However, while the results of the prospective randomized ALLIANCE A011202 trial (ClinicalTrials.gov Identifier: NCT01901094) are anticipated, guidelines currently recommend completion of ALND for residual nodal disease identified with SLNB following neoadjuvant chemotherapy [12]. Applied in this setting, SLNB following neoadjuvant chemotherapy in node-positive patients is a staging procedure, rather than a therapeutic procedure. In support of this current recommendation is a National Cancer Database Study which found worse 5-year overall survival in patients with node-positive disease undergoing neoadjuvant chemotherapy and treated with SLNB alone compared to ALND [13].



Management of the axilla has become even more complex with the results of the RxPONDER trial, which demonstrated that post-menopausal women with node-positive, hormone-receptor-positive, Her2-negative disease and an OncotypeDx Score® ≤ 25 do not benefit from cytotoxic chemotherapy [14]. With the results of this trial, more women with clinically node-positive disease will undergo upfront surgery rather than neoadjuvant chemotherapy. Currently, the National Comprehensive Cancer Network (NCCN) guidelines indicate that women with 1–2 positive lymph nodes confirmed on pre-operative needle biopsy undergoing upfront surgery can be treated with sentinel lymph node biopsy alone [15]. This recommendation is extrapolated from the results of the above-described trials, as well the cardinal NSABP B-04 trial which demonstrated that even in patients with node-positive breast cancer, axillary dissection compared to no axillary surgery does not result in an improvement in overall survival [16]. Different then using SLNB in node-positive patients treated with neoadjuvant chemotherapy, SLNB in this setting is intended to remove a small burden of node-positive disease.



Notably, ALND is still recommended after SLNB in patients who are found to have >2 positive sentinel lymph nodes (SLN) or >2 positive nodes detected on imaging. However, physical exams and pre-operative imaging lack accuracy in assessing the extent of nodal disease [17,18]. The ability of axillary US to exclude ≥3 is limited, with a false negative rate of 30–37% [19]. The ability of MRI to differentiate ≥3 nodes is similarly limited, with a false negative rate of 15–55% [19]. Thus, clinicians are challenged with the difficulty of differentiating between two and three involved nodes and whether such patients undergoing upfront surgery are more appropriate for SLNB or ALND.



This review aims to identify and synthesize direct evidence assessing the accuracy and oncologic safety of SLNB alone for axillary surgical management in patients with pathologically confirmed positive nodes undergoing upfront surgery for invasive breast cancer.




2. Methods


2.1. Study Design


This study describes the literature regarding the accuracy and oncologic safety of SLNB in breast cancer patients undergoing upfront surgery with positive nodes confirmed on pre-operative needle biopsy. The study was designed following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) [20]. The study was filed retrospectively with PROSPERO [CRD42023393449]. The search strategy (Appendix A) was prepared by the study authors and with the assistance of a medical librarian. EMBASE and Ovid MEDLINE were searched from the time of database inception to 3 May 2022. Major terms included breast neoplasm, node-positive, and sentinel lymph node biopsy. Similar terms and explosion features were used. Reference lists were hand-searched for additional relevant articles.




2.2. Study Eligibility and Selection


Inclusion criteria were primary studies investigating female patients with invasive breast cancer and with clinically node-positive breast cancer undergoing upfront SLNB with reporting of outcome data (e.g., technical feasibility of SLNB in this setting, or recurrence, and survival). Node positive was defined as nodal involvement confirmed on pre-operative biopsy. Exclusion criteria were studies with non-human or male subjects, non-invasive breast cancer, lack of pathological confirmation of nodal status, prior neoadjuvant chemotherapy, no SLNB, and/or no data regarding outcomes. Studies including patients treated with neoadjuvant chemotherapy were excluded as current guidelines recommend ALND for residual disease. All primary studies, including published abstracts and case series studies, were eligible. Case reports and reviews were excluded. Studies were not excluded based on language of publication.




2.3. Data Extraction


Screening of studies was completed using Covidence Systematic Review Software (Melbourne, Australia) [21]. After deduplication, three independent screeners reviewed studies using standardized criteria; each study was screened by two reviewers and disagreements were settled by consensus. Full-texts of studies that were recommended for inclusion were retrieved and underwent full-text review. Full texts were assessed independently and in duplicate by three reviewers, with reasons documented for study exclusions. Data collection was completed using a standardized extraction form by 2 reviewers. Limited identified data precluded statistical analysis of collected data. A narrative summary of findings from the available literature is presented.





3. Results


A total of 2683 citations with 165 duplicate records were identified, resulting in 2518 studies undergoing title and abstract screening. Full text review was conducted on 68 studies, ultimately yielding 2 studies for inclusion: Lee et al. (non-randomized prospective study) [19] and Weber et al. (prospective multicenter sub-study of the TAXIS trial) [22]. The PRISMA flow diagram is presented in Figure 1. Study features, patient characteristics, tumor details, and study outcomes are presented in Table 1. Both studies used a form of targeted or tailored axillary surgery technique to mark the positive nodes in addition to the standard SLNB technique. The method of targeted axillary sampling (TAS) used in the study by Lee et al. involved preoperative image-guided tattooing of positive lymph nodes using a charcoal solution and removal of these nodes and sentinel nodes, while not exposing axilla landmarks including the long thoracic nerve, thoracodorsal nerve, and axillary vein, and pathologically if 5–10 nodes were removed [19]. Tailored axillary surgery was defined by Weber et al. as the removal of pre-operative marked nodes, intra-operatively palpable nodes in addition to the sentinel lymph nodes [22]. Herein, both will be referred to as TAS.



The study by Lee et al. included patients from a single institution in South Korea and compared those undergoing TAS (n = 65) versus conventional ALND (n = 64) [19]. In this non-randomized prospective study, patients underwent TAS if they refused conventional ALND. Statistically significant differences did not exist between groups in age, pathologic stage, and biomarker profile. The TAS technique used was an injection of a charcoal solution into biopsy-proven positive nodes prior to surgery, in addition to the standard SLNB technique, and without dissection of the axillary vein, thoracodorsal bundle, and long thoracic nerve. Patients were excluded from the TAS arm if they had ≤4 LNs removed and excluded from the ALND arm if they had ≤10. The number of patients excluded was not reported. The follow-up period was mean 65.7 months in those undergoing TAS and 73.1 months in those undergoing ALND. There was no significant difference in the mean number of retrieved positive nodes between ALND and TAS (1.6 vs. 1.6, p = 0.772), though significantly more nodes were retrieved overall in the ALND group (19.6 vs. 7.7, p < 0.001). The success of retrieving the pre-operative marked node was not reported. None of the patients undergoing ALND received adjuvant radiation. Patents undergoing TAS were randomly assigned to receive adjuvant nodal radiation, though the method of randomization was not described. There were 39 (60%) patients in the TAS cohort who received adjuvant radiation. They report no nodal recurrences in either arm and no difference in local recurrence (ALND: 1.6%; TAS: 1.5%), distant recurrence (ALND: 4.7%; TAS: 6.2%), and mortality (ALND: 1.6%; TAS: 3.1%) during over 5-year follow-up, in this small non-randomized study. Rates of post-operative complications such as lymphedema were not reported.



The study by Weber et al. is a pre-specified sub-study to assess surgical outcomes of the TAXIS trial [22]. The TAXIS trial is a prospective clinical trial in which patients with node-positive disease will undergo TAS and then be randomized to ALND or no ALND and regional radiation based on the extent of surgery (ClinicalTrials.gov Identifier: NCT03513614). The study included patients from multiple institutions across Europe and included patients with node-positive disease undergoing both neoadjuvant chemotherapy and upfront surgery. Various methods for marking the clipped positive node were used including a magnetic and radioactive seed, wire, and tattoo. There were 166 patients with node-positive disease undergoing upfront TAS included in the study, of which 81 had abnormal nodes seen on imaging only, and 85 had palpable abnormal nodes. Weber et al. report that TAS was associated with a false negative rate of 2.4%, with the retrieval of the clipped node in 96.4% of cases, and a diagnostic accuracy rate of 97.6% [22]. The final pathologic staging was pN1 in 102 (61.4%) patients. In patients who underwent subsequent ALND (n = 86), a median of 14 (IQR 9–18) additional nodes were removed, of which a median 2 (IQR 0–6) were positive. Only 25 (29.1%) had no additional positive nodes found at ALND. There were 26 (30.2%) patients who had ≥4 positive nodes identified.




4. Discussion


Complications associated with axillary lymph node dissection include lymphedema, chronic pain, paresthesias, and shoulder immobility [23]. Lymphedema can impact physical, psychological, and social quality of life. Given the morbidity of ALND, research efforts into the de-escalation of axillary management in breast cancer are ongoing. Sentinel lymph node biopsy has been adopted as the standard of care in patients with node-negative breast cancer. Large, randomized trials have demonstrated that patients with a limited burden of positive sentinel nodes can be spared ALND. While consensus guidelines now allow for the use of SLNB alone in patients with pre-operative biopsy-proven node-positive disease and 1–2 abnormal lymph nodes on imaging undergoing upfront surgery, our review highlights the striking lack of data on SLNB alone in this patient population. Only 2 studies meeting inclusion criteria with data on 231 patients were identified through a systematic review of the literature. Given the substantive amount of work completed addressing this same question in the neoadjuvant setting, the lack of data for patients undergoing upfront surgery is truly striking. This is especially the case given the results of RxPONDER which demonstrate that select patients with node-positive disease can be spared chemotherapy [14].



The studies included in this review used different outcome metrics which precluded the ability to complete statistical analyses. Both studies used targeted axillary surgery techniques where the positive node was clipped/marked, in addition to standard sentinel lymph node biopsy. Clipping of the biopsy-proven positive node and subsequent retrieval has been shown to decrease the false negative rate of SLNB in node-positive patients following neoadjuvant chemotherapy [24,25]. However, the added benefit of clipping the node over standard SLNB on the long-term oncologic outcomes has been questioned [3]. Logically, this technique can be extrapolated to the use of SLNB in the upfront surgery setting to ensure retrieval of the known positive node. In the studies included in this systematic review, the mean number of retrieved nodes was 7.7 in the study by Lee et al., and the median number of nodes retrieved 5 was in the study by Weber et al., significantly more than are removed during standard SLNB [26]. The study by Weber et al. is a pre-planned feasibility sub-study of a prospective, multicenter, randomized trial, where long-term oncologic outcomes will be assessed. In this feasibility sub-study, the false-negative rate of TAS was only 2.4% and retrieval of the clipped node was successful in 96.4% of cases.



In the study by Weber et al., most patients randomized to subsequent ALND were found to have residual disease in the axilla (70.9%). The rate of residual disease in this study was significantly higher than the burden of residual disease in the ALND arm of the Z0011 trial (27%) [7,27], raising the question of whether the same criteria for completion of ALND should be applied. The NCCN guidelines allowing SLNB in patients with 1–2 needle biopsy-proven positive nodes recommend that those with ≥2 positive nodes have ALND. Following these guidelines, the vast majority of patients would require ALND. There is currently insufficient data to determine whether this is necessary. The implication of this residual disease, especially in the era of modern multi-modality treatment, in patients undergoing omission of ALND on long-term oncologic outcomes will not be known until 2029 when results of the phase III trial are expected.



The risk of bias was high in one study (Lee et al.), where the number of patients who were excluded due to an inadequate number of nodes retrieved was not reported [19]. Nonetheless, this study was unique in that it reported long-term oncologic outcomes and in this small sample size of 65 patients with node-positive disease who underwent limited axillary surgery, there were no axillary recurrences, and there was no difference in distant metastases or death when compared to patients undergoing ALND.



An ongoing Canadian study, Targeted Axillary Dissection in Early Stage Node-Positive Breast Cancer (TADEN) trial (ClinicalTrials.gov Identifier: NCT04671511) will measure the success rate and accuracy of SLNB with clipping and removing the biopsy-proven node using radioactive seed localization (RSL) in patients with biopsy-proven positive nodes. Completion node dissection is recommended in this study if the clipped positive node is not retrieved, if four nodes or more are positive, or if three nodes are positive in the absence of axillary radiation. This study will assess if there is a reduction in recommendations for the completion of ALND.



Finally, as the COVID-19 pandemic continues to affect the over-burdened healthcare system, the use of SLNB in node-positive patients can be considered in view of the state of the system as well. The safe omission of ALND in clinically node-positive patients undergoing upfront surgery presents an opportunity for potential healthcare cost saving due to decreased incidence of morbidity of ALND. However, it should be noted, that potentially more patients may have two surgeries with this approach (SLNB followed by ALND, compared to ALND alone). Additionally, depending on the method of localization used for targeted axillary surgeries, the costs of this procedure tend to exceed that of SLNB alone [3]. As healthcare systems around the world work to increase capacity to address backlogs in breast cancer screening and treatment, resources focused on the cost-effective yet safe assessment of symptomatic women should be paramount to reduce resultant morbidity and mortality [28].




5. Conclusions


There is certainly a group of patients with pre-operative needle biopsy-proven node-positive disease undergoing upfront surgery who can be spared an ALND. However, this review demonstrates a current lack of substantial direct evidence supporting the application of SLNB in patients with biopsy-proven node-positive disease undergoing upfront surgery. While the totality of the data, mostly indirect evidence, suggests this may be a safe approach, more data are needed. This is a call for clinicians and researchers to prospectively collect data on this patient population to better understand the proportion of patients undergoing subsequent completion of ALND, long-term oncologic outcomes, and cost-effectiveness, which will ultimately help clinical decision-making.
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	Embase Strategy
	Ovid MEDLINE Strategy





	
	
breast neoplasm.mp. or Breast Neoplasms/



	
((mammar* or breast$ or lobular*) adj3 (mass$ or cancer$ or tumo?r$ or neoplasm$ or carcinoma$ or adenocarcinoma$)).mp.



	
1 or 2



	
((clinical$ adj3 (node positive or lymph node positive or sentinel lymph node positive)) or sentinel lymph node).mp.



	
(clinical* node positive or cN+ or N+).mp.



	
4 or 5



	
(sentinel lymph node biopsy or SNLB or SNB or lymph node biopsy or lymph node sampl$ or (recurrence and sentinel lymph node)).mp.



	
3 and 6 and 7



	
((clinical$ adj3 (node negative or lymph node negative or sentinel lymph node negative)) or (node negative or lymph node negative or sentinel lymph node negative)).mp.



	
case report?.mp.



	
case series.mp.



	
normal human/



	
human experiment/



	
8 not (9 or 10 or 11 or 12 or 13)



	
limit 14 to (human and article)



	
prediction.mp.



	
neoadjuvant.mp.



	
in vitro.mp.



	
15 not (16 or 17 or 18)



	
dissection.mp.



	
19 and 20





	
	
Breast neoplasm.mp. or Breast Neoplasms/



	
((mammar* or breast$ or lobular*) adj3 (mass$ or cancer$ or tumo?r$ or neoplasm$ or carcinoma$ or adenocarcinoma$)).mp.



	
1 or 2



	
(clinical$ adj3 (node positive or lymph node positive or sentinel lymph node positive)).mp.



	
(clinical* node positive or cN+ or cN0+ or N+).mp.



	
4 or 5



	
(sentinel lymph node biopsy or SNLB or SNB or lymph node biopsy or lymph node sampl$).mp.



	
3 and 6 and 7
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Figure 1. PRISMA diagram. 
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Table 1. Study characteristics and outcomes.
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	Authors
	Year
	Country/

Region
	Study Design
	Inclusion

Criteria
	Patients
	Follow-Up
	Outcomes





	Lee et al. [19]
	2019
	South Korea
	Single-center, non-randomized double arm prospective cohort study comparing TAS vs. ALND (treatment arm assigned based on patient preference
	cT1-2N1 BC
	n = 64 (ALND)

n = 65 (TAS)
	5-years
	
	
Mean number of nodes retrieved: 19.6 vs. 7.7 (ALND vs. TAS)



	
Mean number of metastatic nodes: 1.6 vs. 1.6 (ALND vs. TAS)



	
Local recurrence, n(%): 1 (1.6%) vs. 1 (1.5%) (ALND vs. TAS)



	
Distant recurrence, n(%): 3 (4.7%) vs. 4 (6.2%) (ALND vs. TAS)



	
Death, n(%): 1(1.6%) vs. 2 (3.1%) (ALND vs. TAS)



	
No nodal recurrences in either arm








	Weber et al. [22]
	2021
	Europe
	International multicenter, prospective study embedded in a randomized trial (TAXIS) comparing TAS vs. TAS + ALND (feasibility study)
	cT1-3 N1-2 BC, All breast cancer subtypes
	n = 166 treated with upfront surgery with TAS, of which 86 underwent subsequent ALND
	Post-surgery
	
	
FNR for TAS: 2.4%



	
Retrieval of clipped node: 96.4%



	
Median # of nodes(IQR) retrieved with TAS: 5 (3, 7)



	
Median # of additional nodes (IQR) retrieved ALND: 14 (9, 18)



	
Median # of positive nodes (IQR) with TAS: 2 (1, 4)



	
Median # of additional positive nodes with ALND: 2 (0, 6)



	
Number of patients with additional positive nodes removed with ALND (n, %): 61 (70.9%)






	-

	
1 additional positive node: 17 (29.1%)




	-

	
2 additional positive nodes: 6 (7.0%)




	-

	
3 additional positive nodes: 6 (7.0%)




	-

	
4 additional positive nodes: 6 (7.0%)




	-

	
>4 additional positive nodes: 26 (30.2%)






(Appendix A)







Abbreviations: TAS = targeted axillary sampling, ALND: axillary lymph node dissection, FNR: false negative rate, IQR: interquartile range.
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