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Abstract

Sentinel lymph node (SLN) biopsy has been established as the standard of care for axillary staging 

in patients with invasive breast carcinoma and clinically negative lymph nodes (cN0). Historically, 

all patients with a positive SLN underwent axillary lymph node dissection (ALND). The 

ACOSOG Z0011 trial showed that women with T1-T2 disease and cN0 who undergo breast 

conserving surgery and whole-breast radiotherapy can safely avoid ALND. The main goal of SLN 

examination should be to detect all macrometastases (>2mm). Gross sectioning SLNs at 2 mm 

intervals and microscopic examination of one H&E-stained section from each SLN block is the 

preferred method of pathologic evaluation of SLNs. The role and timing of SLN biopsy for 

patients having neoadjuvant chemotherapy is controversial and continues to be explored in clinical 

trials. SLN biopsies from patients with invasive breast carcinoma who have received neoadjuvant 

chemotherapy pose particular challenges for pathologists.
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INTRODUCTION

Axillary lymph node (ALN) status is an important prognostic factor and determinant of 

treatment for patients with breast carcinoma. Clinical trials have proven that SLN is 

equivalent to ALND for staging of the axilla in patients with clinically node-negative (cN0) 

disease and is associated with significantly less morbidity.1–6 The need for completion 

ALND in patients with limited SLN involvement treated with modern modalities has been 

investigated in recent clinical trials. The results suggest that ALND may be safely omitted in 

carefully selected cN0 patients with metastatic carcinoma limited to one or two SLNs. This 

has led to a change in clinical management of the axilla in many centres. The use and timing 

of SLN biopsy in patients with invasive breast carcinoma receiving neoadjuvant 

chemotherapy (NACT) is controversial and the approach to patients with biopsy-proven 

nodal disease before NACT is evolving. All of these changes in clinical practice have 

implications for how pathologists examine and report on SLNs.
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AXILLARY LYMPH NODE STAGING

The American Joint Committee on Carcinoma (AJCC) and the Union for International 

Carcinoma Control (UICC) TNM (Tumour Node Metsatasis) staging systems classify nodal 

metastases based on size.7, 8 This classification and emphasis on reporting axillary nodal 

disease with greater precision was first introduced into the TNM in the sixth edition 

published in 2002 and was largely driven by increasing use of SLN biopsy and growing use 

of immunohistochemistry (IHC).9 Macrometastases are tumour deposits >2 mm [pN1], 

micrometastases range in size from greater than 0.2 mm to less or equal to 2 mm or consist 

of more than 200 carcinoma cells in a single lymph node section [pN1mi]. Isolated tumour 

cells (ITCs) are single cells or cell clusters each spanning less than 0.2mm in size and 

amounting to fewer than 200 carcinoma cells in one lymph node section [pN0(i+)], 

regardless of method of detection.

BIOLOGICAL AND CLINICAL SIGNIFICANCE OF OCCULT METASTASES

An “occult” metastasis is defined as any metastasis that is not identified on initial 

examination using a “standard” evaluation protocol.10 Following the introduction of SLN 

biopsy, many clinicians and pathologists pursued more extensive evaluation of the SLN(s), 

in an attempt to identify occult metastases, believing that this information would help in 

prediction of prognosis. “Enhanced pathology” protocols including use of additional H&E 

step-level sections and/or immunohistochemical stains for cytokeratins (CK-IHC) on all 

tissue blocks of any SLN without evidence of carcinoma in the initial H&E-stained section 

were employed. The National Surgical Adjuvant Breast and Bowel Project (NSABP) B-32 

randomized prospective clinical trial demonstrated that in patients with T1-T2 cN0 tumors, 

and negative SLNs, staging by SLN biopsy is equivalent to ALND,1, 11 and also addressed 

the clinical significance of occult metastases in patients managed with modern treatment 

modalities.12 Participating sites were instructed to slice SLNs at 2 mm intervals, embed all 

tissue slices in paraffin blocks, and examine only one H&E-stained section from each tissue 

block. This approach aimed to identify all macrometastases (>2 mm) and these results were 

used for clinical treatment decisions. Based on clinical and tumour characteristics most 

patients in the study received systemic therapy, consisting of chemotherapy and/or hormonal 

therapy. The SLN blocks of patients with no evidence of SLN involvement in the initial 

H&E-stained section were then submitted to a central laboratory for additional evaluation 

using the “B-32 protocol”, designed to detect metastases larger than 1.0 mm in size,13 using 

one H&E-stained and CK-IHC stained sections at a depth of 0.5 mm and 1.0 mm into the 

paraffin block. Occult metastases were identified in 616/3884 (15.9%) patients (11.1% ITCs, 

4.4% micrometastases, and 0.4% macrometastases).12 At five years follow-up, the 

differences in outcomes for patients with and without occult metastases were statistically 

significant, but amounted to a minimal percent increase with respect to overall survival (OS) 

(94.6% vs. 95.8%), disease free survival (DFS) (86.4% vs. 89.2%), and distant disease free 

interval (89.7% vs. 92.5%). A 10 year update of follow up has confirmed these results.11 In 

particular, not all the patients with occult metastases will necessarily develop recurrent 

disease and most of the patients with occult metastases are already treated using available 

modalities. Based on these findings, the use of enhanced pathology techniques to identify 

occult metastases in initially negative SLNs does not appear to translate into additional 
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clinical benefit. The results of the NSABP B-32 clinical trial support the current guidelines 

for examination of SLNs from patients with breast carcinoma. The College of American 

Pathologists (CAP) does not recommend the use of routine multistep level sections and/or 

CK-IHC in the histologic evaluation of SLNs.14 The American Society of Clinical Oncology 

(ASCO) and National Comprehensive Carcinoma Network (NCCN) do not recommend the 

use of routine use of CK-IHC for evaluation of SLNs.15, 16 The European Society of 

Medical Oncology (ESMO) also endorses this approach.17 The National Health Service 

Breast Screening Programme (NHSBSP) and Royal College of Pathologists (RCPath) 

guidelines (2005) do not currently advocate routine use of ancillary techniques for 

assessment of SLNs.18

PREDICTION OF ADDITIONAL NODAL BURDEN AND NEED FOR ALND IN 

PATIENTS WITH POSITIVE SLNS

Studies have shown that the majority (approximately 60%) of patients with a positive SLN 

have no residual disease in the axilla,19–28 and derive no real benefit from ALND. In the first 

decade since the introduction of SLN biopsy most surgeons performed completion ALND in 

all patients with SLN involvement. Over time many surgeons modified their practice and did 

not always perform ALND in cases with limited SLN involvement.29 Furthermore, even in 

the most experienced hands, SLN biopsy is associated with a false-negative rate (FNR). An 

overview of 69 published studies of SLN biopsy validated with concurrent ALND confirms 

a SLN identification rate of 96%, with an average FNR of 7%.30 In a bid to aid clinical 

decision to perform or omit ALND, investigators evaluated various clinico-pathological 

parameters and developed mathematical predictive tools, also known as nomograms, for 

estimating the risk of additional LN metastases.31–42

Large clinical trials specifically questioned the need for completion ALND in cN0 patients 

with limited involvement of SLNs.43–46 The International Breast Carcinoma Study Group 

(IBCSG) 23-01 trial randomized 931 cN0 patients with T1-T2 breast carcinoma and SLN 

micrometastases to ALND or no further axillary surgery. Metastatic carcinoma was 

identified in non-SLNs in 13% of patients who underwent ALND in this study, but there was 

no significant difference in DFS between patients with and without ALND at a median 

follow-up of 5 years (92% vs. 87%, respectively).43 The AMAROS (After Mapping of the 

Axilla: Radiotherapy or Surgery?) trial randomized 1425 patients with T1-T2 cN0 breast 

carcinoma and 1 or 2 positive SLNs to ALND or axillary radiotherapy.46 Additional LN 

metastases were identified in 220/672 (33%) patients who underwent ALND and 52/672 

(8%) patients had four or more additional metastatic nodes. With a median follow-up of 6.1 

years, the axillary recurrence rate was extremely low in both groups, (0.43% in the ALND 

group, and 1.19% in the regional radiotherapy group) with no significant differences in DFS 

or OS between the two groups. AMAROS demonstrated that both treatment strategies 

provide excellent and comparable axillary control, but does not provide guidance on which 

SLN positive patients need further axillary treatment. The American College of Surgeons 

Oncology Group (ACOSOG) Z0011 prospective randomized trial looked at the benefit of 

ALND in patients with invasive breast carcinoma <5cm, no clinically palpable axillary 

adenopathy (T1-T2 cN0), and H&E-detected metastases limited to 1 or 2 SLNs, who were 
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treated with BCT to negative margins followed by whole breast irradiation.44, 45 Adjuvant 

systemic therapy (chemotherapy and/or hormonal therapy) was as prescribed by the treating 

physician. Patients were randomly assigned to ALND or no further axillary treatment, and 

the clinical characteristics of the two groups were similar, including similar rates of adjuvant 

treatment. Additional LN involvement was documented in 27% of SLN-positive patients 

who underwent ALND. At 6.3 years median follow-up, there were no significant differences 

in regional LN recurrence between patients who underwent ALND and those who did not 

(0.9% vs. 0.5%, respectively). The two groups of patients had similar DFS (83.8% vs. 

82.2%, respectively) and OS (92.5% vs. 91.5%, respectively). The results of the Z0011 study 

suggest that patients with T1-T2 tumors with ≤2 positive SLNs, who are treated with BCT 

and whole breast irradiation do not benefit from ALND.

The ACOSOG Z0011 trial has been influential and controversial. The results of this trial 

have been practice changing in many parts of the world,47–52 but are not universally 

accepted as such.53, 54 The criticisms of Z0011 include the failure to meet its accrual goal 

leading to early closure of the trial and lack of detail regarding radiation therapy. To address 

the latter issue, Jagsi et al.55 retrospectively analyzed available radiation therapy records of a 

subset of Z0011 patients. The authors found that most Z0011 patients received tangential 

field radiation therapy alone, with no significant differences in tangential field height 

between the two study arms, but 18.9% of patients received directed nodal irradiation via a 

third field, in violation of protocol.55 Although additional radiotherapy was administered 

with comparable frequency in Z0011 patients who did or did not undergo ALND, it is not 

possible to determine whether the additional radiation was beneficial, and how it might have 

influenced the rate of axillary recurrence in the SLN-only group. Authors working in 

healthcare systems where preoperative radiological assessment of the axilla is a routine 

practice also highlight the fact that Z0011 inclusion criterion was “no palpable adenopathy” 

and are critical of the lack of preoperative imaging to determine the axillary burden 

preoperatively.53, 56

Nevertheless, many national and international agencies have incorporated the Z0011 

approach into their recent guidelines, to some extent. In 2014 ASCO published guidelines 

advising omission of completion ALND for patients with <3 positive SLNs if there is no 

evidence of bulky metastatic disease or gross ECE and the patient is treated with whole 

breast irradiation.15 The NCCN guidelines recommend considering level I and II ALND or 

no further axillary surgery for the patients who fulfill the aforementioned criteria.16 The St 

Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2015 

concluded that ALND can be avoided in selected patients (i.e. those undergoing BCT 

followed by radiotherapy) with one or two macrometastatic lymph nodes.57 The Irish 

National Cancer Control Programme (NCCP) does not recommend ALND for patients with 

micrometastases in SLN and states that avoidance of ALND may be considered for patients 

undergoing BCT and radiotherapy who are clinically and radiologically node-negative at 

presentation and have 1 or 2 macrometastatic SLN(s), following a discussion at 

multidisciplinary team meeting and with the patient.58 In the U.K., the National Institute for 

Health and Care Excellence (NICE) guidelines for diagnosis and treatment of early and 

locally advanced breast cancer, published in 2009 and last reviewed in 2012, still 

recommend offering further axillary treatment, preferably ALND, to patients with early 

Maguire and Brogi Page 4

Histopathology. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



invasive breast cancer who have macrometastases or micrometastases in a SLN.59 However 

the NICE guidelines will be reviewed again in December 2015 and it is noted that following 

a multidisciplinary consensus meeting on further management of the malignant axillary node 

in January 2015, the Association of Breast Surgery, U.K., released a consensus statement on 

this issue and an updated guideline is in progress.60 If SLN(s) show ITCs or 

micrometastases no further axillary treatment is required. Further axillary management is no 

longer mandatory for patients with 1–2 SLN(s) with macrometastases in patients who are 

receiving BCT with whole breast radiotherapy, that are post-menopausal and have T1, grade 

1 or 2, oestrogen receptor positive and HER2 negative tumours.60 There are still concerns 

about the limitations and the generalisability of Z0011 results and clinicians in the U.K. are 

encouraged to enter patients into clinical trials such as POSNOC (Positive Sentinel Node: 

Adjuvant Therapy Alone Versus Adjuvant Therapy Plus Clearance or Axillary 

Radiotherapy). POSNOC is a randomized controlled trial of axillary treatment in women 

with invasive breast carcinoma (< 5 cm), undergoing BCT or mastectomy, cN0 by clinical 

and ultrasound examination, who have macrometastases in 1 or 2 SLN(s) and no ECE.61 The 

accrual goal is 1900 women and all participants will be followed up for 5 years. The primary 

outcome is axillary recurrence at 5 years and secondary outcomes include loco-regional 

recurrence, OS and DFS.

INTRAOPERATIVE EVALUATION OF SLNS

Intraoperative detection of metastatic carcinoma in SLNs leads to immediate ALND, 

avoiding the need for a delayed second surgical procedure. Patients with a preoperative 

diagnosis of axillary nodal metastatic carcinoma often proceed to ALND, whereas 

intraoperative evaluation (IOE) of SLN at the time of primary breast surgery may be 

reserved for patients with clinically and radiologically negative axillae or suspicious 

intraoperative findings. The disadvantages of IOE of SLNs include an increase in operation 

time and possible false positive results. The use of IOE of SLNs varies greatly from centre to 

centre and is likely influenced by the extent to which preoperative ultrasound evaluation of 

the axilla, followed by fine needle aspiration (FNA) cytology or biopsy of suspicious LNs, is 

carried out.53, 62, 63 For example, in the U.K., where guidelines state that all patients with 

early invasive breast carcinoma should have axillary ultrasound in addition to clinical 

examination of the axilla,59 a national survey of pathologic evaluation of staging ALNs 

found that just 10% of laboratories used imprint cytology (IC) (5.6%) or frozen section (FS) 

(4.4%) for IOE of ALNs.64 A study from Memorial Sloan Kettering Cancer Center 

(MSKCC), New York, U.S.A., published in 2012, found that the use of SLN-FS decreased 

from 100% to 62% over a 10-year period.65 Rates of IOE of SLNs have also been influenced 

by the results of the Z0011 trial. A review of pre- and post-Z0011 practice patterns at the 

MD Anderson Cancer Center, Texas, U.S.A., found that surgeons were less likely to request 

IOE of SLNs in post-Z0011 patients (26% vs. 69%).47

FS, IC, or cytological smear (CS) can be used to evaluate SLNs intraoperatively. Cytologic 

techniques are faster than FS, and do not cause significant loss of nodal tissue, but it may be 

difficult to confirm findings limited to the cytology material, but not present in H&E-stained 

sections. FS is time-consuming; freezing introduces artifactual tissue distortion; sectioning 

of the frozen tissue block could potentially lead to the loss of critical tissue. Despite these 
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disadvantages, FS is often the preferred method of IOE by most histopathologists. The 

sensitivity of SLN-FS ranges from 52% to 93% and specificity is 98.5% to 100%.66–76 A 

meta-analysis, including 47 FS studies, reported a pooled sensitivity of 73%, with higher 

sensitivity for macrometastases than micrometastases (94% vs. 40%).77 Wong and 

colleagues retrospectively studied 2202 SLN biopsies from 2174 patients with breast 

carcinoma, performed at Singapore General Hospital over a 7-year period and confirmed the 

relationship between the size of SLN metastasis and risk of false-negative FS result.78 While 

they identified an overall FNR of 13.5%, the FNR for detection of macrometastases was 

much lower, at 3.1%. In this study, the smaller the SLN metastases, the higher the odds of a 

false-negative diagnosis. In addition, non-ductal histological subtype and absence of 

lymphovascular invasion were identified as significant independent factors associated with a 

higher FNR. A wide range of sensitivity (from 34% to 96.9%), and specificity (from 96.3% 

to100%) has been reported for cytologic techniques.66, 69, 71–73, 79–91 A meta-analysis of 31 

studies of IC identified an overall sensitivity of 63% and the pooled sensitivity for detection 

of macrometastases was higher than for micrometastases (81% vs. 22%).92 If required to 

perform IOE on SLNs pathologists should use the method they are most comfortable with to 

avoid false positive results.66

Rapid Molecular techniques for IOE are also available, but have somewhat questionable 

sensitivity. One-step nucleic acid amplification (OSNA) is a molecular assay used for IOE of 

SLNs. OSNA measures cytokeratin 19 (CK19) mRNA in homogenized SLN tissue and 

shows high sensitivity for the detection of metastases with increased identification of low 

volume nodal disease.93 Tsujimoto and colleagues quantified CK19 mRNA in 

histopathologically positive and negative ALNs from patients with invasive breast carcinoma 

using OSNA, used the mRNA copy numbers as a surrogate for metastatic LN positivity and 

determined cut-off values equivalent to micro-macrometastasis.94 Defined CK19 mRNA 

levels discriminate negative LNs (CK19 mRNA fewer than 250copies/μl or “−”) from 

micrometastases (CK19 mRNA 250–5000 copies/μl or “+”) and macrometastases (CK19 

mRNA more than 5000 copies/μl or “++”).94, 95 Using the current TNM classification, the 

only category available for LNs containing metastatic carcinoma detected by molecular 

assay, but without histological or immunohistochemical evidence of LN involvement is 

pN0(mol+).7 The pN0(mol+) designation is a subset of the ITC category, may be potentially 

misleading, is probably not applicable in cases where OSNA results correspond to micro- or 

macrometastasis, and does not necessarily equate with pN0. Concerns about this technique 

relate to the fact that OSNA-based staging of LNs is not a recognized prognosticator and the 

homogenization of tissue required for analysis precludes the assessment of important 

morphologic features, such as size of the tumour deposit and extracapsular extension 

(ECE).93 Rare false-positive results can occur in cases of benign ectopic intranodal breast 

parenchyma.96, 97 The practice of using molecular methods without histologic confirmation 

of carcinoma has substantial limitations and is not advocated.14, 7 A recent meta-analysis of 

data from 12 studies that included 5057 SLNs from 2192 patients suggests that up to 21% of 

patients found to have macrometastases using OSNA would have had ALND whereas 

histology would have classified the deposits as non-macrometastases.98 A recent survey in 

the UK found that 13 laboratories used molecular assays for IOE of SLNs.64 While studies 

from around the world show that OSNA is a highly sensitive and specific technique for IOE 
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of SLNs,94, 95, 97, 99–101 the question of whether molecular methods can verify the need for 

further axillary treatment, given changing clinical practice, is unclear.

Currently, IOE of SLNs of clinically “Z0011 eligible” patients is not routinely performed at 

many centres, and the decision whether to proceed to ALND is deferred to a later time, when 

all of the clinical and definitive pathological information is available.47, 49, 51, 102 At some 

centres IOE of SLNs of patients who fulfill the Z0011 criteria is still pursued, and 

pathologists are asked to report the number of LNs intraoperatively. IOE of SLNs continues 

to be performed routinely at many hospitals for cN0 patients undergoing mastectomy. The 

SLNs of patients who have had NACT are also evaluated intraoperatively at many 

institutions (see section on NACT).

PROTOCOLS FOR HISTOLOGICAL EVAUATION OF SLNS

A standardized SLN evaluation protocol combines careful gross and histologic 

evaluation.103 There is some variation in international guidelines and practice of pathologic 

examination of SLNs. CAP and ASCO recommend that each SLN is sectioned into 2 mm 

thick slices parallel to the long axis of the LN.14, 15 This approach is supported by the results 

of the NASBP B32 study.1, 12 The NHSBSP pathology reporting guidelines recommend 

histological examination of the SLN at intervals of approximately 3 mm or less and 

sectioning of the LN perpendicular to the long axis.18 A national survey of pathologic 

evaluation of staging ALNs in the U.K. revealed a variety of practices among respondents, 

with 64% of laboratories examining one section from each SLN block, 31% examining 

multiple sections taken at predefined intervals and 3.7% routinely performing CK-IHC on 

SLNs.64 Since the publication of the NSABP B32 study, at our institution we carefully count 

the number of SLNs grossly, and then section each SLN into 2 mm thick slices parallel to its 

longest axis, and embed all tissue slices of each SLN in one cassette. If two small SLNs are 

submitted in one cassette, each SLN is inked differentially, to ensure an accurate count of the 

SLNs, including those with metastatic disease, at the time of microscopic examination. We 

routinely evaluate only one H&E-stained section per block. The H&E-stained section should 

provide a full cross section of each SLN slice, including subcapsular space and SLN capsule. 

This protocol is used for all SLNs, independent of the subtype of the invasive mammary 

carcinoma, including invasive lobular carcinoma. Additional level sections and CK-IHC are 

obtained in selected cases to further investigate uncertain morphologic findings, but are not 

performed routinely. In the final report we include the total number of SLNs examined, the 

number of SLNs with metastatic carcinoma, and the span of the largest metastatic focus. We 

also report information on ECE (present, absent, or indeterminate) and its largest extent (<2 

mm, 2 mm or > 2 mm). ECE is defined as the largest span of tumour deposit outside the LN 

capsule (Figure 1). In patients who meet Z0011 eligibility criteria the extent of ECE 

correlates with the likelihood of involvement of additional ALNs.104

Classification of LN metastasis is based on size and/or number of cells and it is recognized 

that these parameters can be difficult to apply in certain cases, e.g. dispersed single cell 

pattern of metastatic lobular carcinoma and cases with multiple cohesive clusters.14, 105–108 

The size of the metastatic deposit for N classification is based on the largest contiguous 

cluster of tumour cells and the distance between clusters should not be included in the 
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measurement.7, 14 However, pathologists may interpret these patterns in different ways and 

potentially assign such cases to different pN categories. CAP acknowledge this issue and 

advise that when the overall volume of tumour is similar to that of the higher nodal category 

(e.g., a node with 9 clusters of tumor cells, each measuring 1 mm), then the pathologist must 

use his/her judgment in assigning the N category.14 We also advocate this common sense 

approach and believe that the overall extent of tumour present in the LN be reflected in the 

report. These cases can be challenging and it may be beneficial to obtain additional sections 

deeper into the tissue block, and to review the case with colleagues. Per the CAP guidelines, 

we include a note in the report describing the distribution and pattern of carcinoma cells in 

the LN and conveying the difficulties of the case and the reason for assigning a particular N 

category.

NEOADJUVANT CHEMOTHERAPY AND SLN BIOPSY

Preoperative or neoadjuvant chemotherapy (NACT) has become the standard of care for 

locally advanced and inflammatory breast cancer, where the aim is to convert these patients 

to operable candidates. In addition, NACT is also used to reduce the size of the primary 

tumour and increase the rate of BCT in patients with operable breast cancer in whom 

mastectomy is initially indicated. Studies have shown no significant difference in OS or DFS 

between patients who received NACT versus those who received adjuvant 

chemotherapy.109, 110 The potential clinical advantages of NACT include extended 

opportunity for BCT, and ability to assess response to systemic therapy.111 Downstaging of 

ALN involvement occurs in 30% to 40% of patients treated with NACT.24, 112–115 Patients 

with triple-negative and Her2-positive breast carcinomas are most likely to have a complete 

pathological response (pCR), including no residual carcinoma in LNs. With the knowledge 

that NACT could potentially downstage the axilla, came the possibility that the extent of 

axillary surgery required for patients with no residual nodal disease after NACT could be 

decreased, leading clinicians to explore the use of SLN biopsy in this setting.

The accuracy of SLN biopsy in patients treated with NACT is a cause of concern, as tumour 

response is often heterogeneous. Furthermore, tumour response, inducing fibrosis, could 

alter lymphatic drainage, impeding lymphatic mapping and leading to decreased SLN 

identification rate and an increased FNR when compared to SLN biopsy performed in 

untreated patients. SLN biopsy performed prior to initiation of NACT achieves high SLN 

identification rates, 98% to 100%,116–119 comparable to the same procedure in primary 

surgical candidates. Three meta-analyses demonstrated SLN identification rates of 90% to 

91% and FNRs of 8% to 10.5% after NACT.120–122 The studies included in the meta-

analysis combined the results of cN0 and clinically node-positive patients and individual 

studies included in these analyses showed varying results. Several variables were reported to 

be associated with decreased SLN biopsy accuracy, including positive clinical nodal status at 

presentation.122

The timing of SLN, before versus after NACT, has been particularly controversial. There are 

advantages and disadvantages associated with both approaches. Upfront SLN biopsy carried 

out before starting chemotherapy provides information on axillary nodal status without the 

confounding effects of NACT and may allow more accurate initial staging. Furthermore, it is 
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associated with high SLN identification rates.116–119 Proponents of this approach assert that 

pre-NACT pathological nodal status provides important information that can guide decisions 

regarding optimal treatment, particularly the need for and extent of locoregional 

radiotherapy. If the SLN is negative before NACT the patient will not have ALND at the 

time of definitive surgery. The need for two separate operations is a disadvantage of 

performing SLN biopsy before NACT. Patients with a positive SLN prior to NACT are 

committed to ALND, generally performed at the same time as their post-treatment BCT or 

mastectomy. A recent study showed that the proportion of patients receiving any axillary 

treatment was higher for those with SLN biopsy before NACT than after (45% vs. 33%).123 

Pre-NACT SLN biopsy, however, does not exploit the potential downstaging effect of 

NACT, whereas if post-NACT SLN biopsy is negative, patients with involved ALNs at 

presentation may potentially be spared ALND and the complications associated with this 

procedure.

A major focus of investigation has been the role of SLN biopsy after NACT in patients who 

have axillary nodal metastases at presentation. A recent systematic review included 15 

studies, with a total of 2,471 clinically node-positive early breast cancer patients treated with 

NACT and identified an overall SLN identification rate of 89% (range 78% to 98%) and 

FNR of 14% (range 5% to 25%).124 Three recent prospective clinical trials, discussed below, 

specifically investigated the use of SLN biopsy in this situation (Table 1).

SENTINA (SENTinel NeoAdjuvant), a prospective, multicentre study of SLN biopsy use in 

patients receiving NACT included 1737 patients, stratified by clinical axillary nodal status, 

as documented by clinical examination and axillary ultrasound (Table 1).125 Arm C (n=592) 

of the trial included women who were clinically node-positive at baseline, converted to cN0 

after NACT and underwent SLN biopsy and ALND. The SLN identification rate in this 

cohort was 80.1% and the overall FNR was 14.2%. Further analysis showed a significant 

relationship between the number of resected SLNs and the FNR in the arm C patients with 

an FNR of less than 10% when 3 or more SLNs were identified.

The ACOSOG Z1071 (Alliance) Trial evaluated 649 patients with biopsy or FNA proven 

cN1 disease, who completed NACT and subsequently underwent SLN biopsy and 

ALND.126 At completion of NACT, 83% of patients were cN0, the SLN identification rate 

was 92.9% and the overall FNR was 12.6%, higher than the predetermined acceptable FNR 

of 10%. Once again, a relationship between the number of SLNs identified and FNR was 

evident, with a FNR of 9% when 3 or more SLNs were identified. A secondary end point of 

this study was to determine whether axillary ultrasound after NACT can aid patient selection 

for SLN biopsy.127 Post-NACT ultrasound studies were reviewed for 611 patients; 130/180 

(71.8%) patients with suspicious ultrasound findings were node-positive at surgery 

compared with 243/430 (56.5%) patients with normal ultrasound post-NACT. The FNR 

estimate when using a combination of post-NACT ultrasound and SLN was 9.8%. However, 

the authors point out that the original FNR from the trial when using SLN alone was 12.6%, 

which falls within the rather wide 90% CI (7.1% to 13.2%), for ultrasound plus SLN. They 

recommend the use of axillary ultrasound after NACT to identify patients with the greatest 

likelihood of nodal response, who may be good candidates for SLN biopsy and the 

opportunity to avoid ALND.
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The Sentinel Node Biopsy After Neoadjuvant Chemotherapy in Biopsy Proven Node-

Positive Breast Cancer (SN FNAC) multicentre prospective study evaluated 145 patients 

with node-positive breast cancer who underwent SLN biopsy and ALND after NACT.128 

IHC use was compulsory in this study and SLN metastases of any size were considered 

positive. The SLN identification rate was 87.6% and the overall FNR was 8.4%. Taken all 

together, these trials show that in patients who convert to cN0 disease, SLN biopsy after 

NACT has a FNR of <10% when ≥3 SLNs are identified. As pointed out in a recent 

review,129 just 57% of patients in the ACOSOG Z1071 trial had 3 or more SLNs,126 and 

only 34% of patients in arm C of the SENTINA trial.125 Thus, many patients who convert 

from clinically node-positive to cN0 status after NACT will not have ≥3 SLNs identified.129

Although SENTINA, ACOSOG Z1071 and SN FNAC provide us with information on the 

performance of SLN biopsy after NACT, they do not address the clinical significance of 

leaving metastatic disease behind after NACT or examine the modification of locoregional 

therapy based on the response to NACT. Two current ongoing randomised clinical trials 

specifically address axillary management following NACT in patients with proven ALN 

metastases and will provide us with more information on the longer term safety of SLN after 

NACT and the optimal management of these patients. In both trials, patients receive NACT 

followed by SLN biopsy. The NSABP B-51/Radiation Therapy Oncology Group (RTOG) 

1304 (NRG 9353) is a phase III clinical trial evaluating the role of radiotherapy in patients 

with documented positive ALNs who convert to ypN0 after NACT.130 The Alliance 

A011202 trial also seeks to define the optimal management of the axilla in patients with a 

positive SLN following NACT.131 Patients with positive SLNs after NACT are randomly 

assigned to completion ALND or axillary radiation.

Sentinel lymph node biopsy is not recommended in patients with T4d/inflammatory breast 

cancer who have received NACT, regardless of clinical response to treatment, or in patients 

with T4abc breast cancer whose cancer has been clinically downstaged after receiving 

NACT.15 The 2014 ASCO guidelines state that SLN biopsy may be offered before or after 

NACT, but the procedure seems less accurate after NACT.15 The FNR reported with SLN 

biopsy after NACT appears to be higher than that reported before NACT and FNRs of 10% 

to 30% are, in the opinion of the ASCO guideline panelists, unacceptably high and may lead 

to inaccurate staging and under treatment of patients.15, 132 The 2015 St. Gallen panel 

considers SLN biopsy to be appropriate for patients who are clinically node-positive at 

presentation and downstage after NACT, but recommends that ALND should be performed 

even if one SLN is positive, emphasizing that FNRs remain high unless 3 or more SLNs are 

examined.57

PATHOLOGICAL ASSESSMENT OF SLN AFTER NACT

Evaluation of SLNs from patients who have had NACT can be challenging for the 

pathologist. Patients with pCR in the breast and ALNs have significantly improved OS and 

DFS.133, 134 One study also showed that no residual carcinoma in ALNs is associated with 

an excellent prognosis, even with residual disease in the breast.135 Women with residual 

disease in the ALNs post-NACT have a poorer prognosis.136, 137 While low volume SLN 

metastatic disease does not always mandate completion ALND in primary surgical patients, 
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this is not the case in those who have had NACT. In this clinical context accurate assessment 

is crucial because just one positive SLN, even if metastatic carcinoma is of small size, 

influences the decision to proceed to ALND. The clinical significance of residual ITCs 

following NACT is unclear. The 2012 WHO classification takes the stance that small nodal 

metastases and ITCs are evidence of an incomplete response.138 Similarly the AJCC TNM 

staging manual alludes to the fact that ITCs may represent minimal nodal disease pre-

treatment that did not respond to NACT or residual macroscopic nodal disease with a partial 

response.7 Despite the fact that the TNM says that the presence of ITCs precludes 

classifying the patient as having a pathologic complete response, it still recommends 

classifying these cases as ypN0(i+). While this approach allows standard definitions of N 

staging to be maintained, it is somewhat confusing.

Decisions regarding the extent of radiation therapy may be based on the combination of 

nodes with viable metastatic carcinoma as well as probable number of nodes involved by 

metastatic carcinoma prior to NACT. It follows that the presence of features indicative of 

regressed metastatic carcinoma should be reported.139 After NACT, LNs are often smaller in 

size, and often appear slightly lymphocyte depleted. In most cases, complete response is 

evident in the form of fibrosis and aggregates of foamy macrophages devoid of viable 

carcinoma cells, similar to the histological features seen in the primary tumour bed (Figure 

2),139, 140 but in some cases the histologic evidence of prior tumour involvement can be very 

subtle.

Metastatic carcinoma cells may be scattered throughout a fibrotic lymph node (Figure 3) and 

CK-IHC may be useful to confirm suspicious morphology. Extramedullary haematopoeisis 

may occur in patients treated with chemotherapy and megakaryocytes in ALNs are a 

potential mimic of metastatic carcinoma.141–144 At some centres, ALNs biopsied before 

NACT are marked with a clip, enabling targeted excision of specific LNs.145 In these cases, 

the pathologist can confirm the presence of the marking clip.

In post-NACT cases we report the total number of LNs with metastatic carcinoma, size of 

the largest metastatic focus, presence of ECE and the number of LNs with treatment related 

changes and no viable carcinoma. A 2006 study showed that the LN metastasis size and 

number of involved LNs after NACT were independent predictors of distant DFS and OS.146 

The terms ITCs, and micro-macrometastasis are not usually adopted when reporting the size 

of the largest post-NACT metastatic carcinoma, and their use could be misleading. If the 

breast shows pCR but carcinoma is present in the LNs, oestrogen receptor, progesterone 

receptor and HER2 stains are performed on the largest focus of metastatic carcinoma. In our 

department, IOE of SLNs post-NACT is routinely performed.

The accuracy, sensitivity and specificity of IOE of SLNs post-NACT has been found to be 

comparable to non-NACT SLNs, in relatively small studies.72, 147–149 In our opinion, it is 

best to exercise caution in these cases and maintain a low threshold for deferral of final 

diagnosis to permanent section, in order to avoid false positive diagnosis and unnecessary 

ALNDs. Aggregates of macrophages, multinucleated giant cells and megakaryocytes may 

mimic metastatic carcinoma on FS. Uncertain or minimal morphologic findings are best 

assessed on permanent section and may require use of ancillary tests for confirmation.
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SUMMARY

The results of recent clinical trials have substantially changed the clinical management of 

the axilla, resulting in fewer ALNDs in selected cN0, SLN-positive patients. The 

identification of occult metastases does not appear to be of clinical benefit in contemporary 

T1-T2 cN0 patients, who are treated with adjuvant hormonal treatment and/or chemotherapy 

in most cases. The goal of SLN examination should be to detect all macrometastases 

(>2mm) and the use of deeper level sections and CK-IHC is not warranted in routine 

practice. Further studies are needed to refine the management of the axilla in SLN-positive 

patients who were not included, under-represented or unspecified in the aforementioned 

clinical trials, such as patients undergoing mastectomy, and HER2-positive patients. The use 

and timing of SLN biopsy in patients with invasive breast carcinoma receiving NACT is 

evolving. SLN biopsy appears to be a suitable method of axillary staging for patients who 

are cN0 prior to initiation of chemotherapy and studies show that it may be suitable for 

selected clinically node-positive patients who convert to cN0 after treatment.
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Figure 1. Measuring extracapsular extension
The dashed line represents the position of the lymph node capsule. Extracapsular extension 

measures 4 mm in the parallel plane and 3 mm in the perpendicular. We report the largest 

dimension of extracapsular extension.
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Figure 2. Lymph node with complete pathological response to neoadjuvant chemotherapy
This patient had complete pathological response to neoadjuvant chemotherapy. A. Low 

power image of primary tumour bed in the breast. B. Medium power image of primary 

tumour bed in the breast. C. The lymph node shows marked fibrosis at low power. D. Foamy 

macrophages and multinucleated giant cells are present in the lymph node. The features are 

morphologically similar to those seen in the tumour bed in the breast.
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Figure 3. Lymph nodes with residual metastatic carcinoma post neoadjuvant chemotherapy
A. Low power image of lymph node with residual metastastic carcinoma composed of single 

cells in desmoplastic stroma. Extracapsular extension is present. B. Higher power image of 

the same lymph node. C. Low power image of a lymph node with a subtle focus of residual 

carcinoma after neoadjuvant chemotherapy, seen at higher power in image D (see arrow).
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