
Abstract. The sentinel lymph node biopsy (SLNB) has
become the new standard-of-care for patients with clinically
node-negative invasive breast cancer. The focused
examination of fewer lymph nodes in addition to
improvements in histopathological and molecular analysis
have increased the rate at which micrometastases and
isolated tumor cells are identified. We reviewed the literature
and summarized the evidence regarding the need for
complete axillary lymph node dissection (ALND) following
the finding of a positive sentinel node biopsy through the
identification of the most important outcomes and evaluation
of quality of evidence. The article focuses on the safe
omission of complete ALND when the axillary lymph nodes
contain macrometastases and provides an overview of the
topic primarily based on level 1 evidence derived from
randomized clinical trials with a critical appraisal of the
ACOSOG Z0011 trial.

Sentinel lymph node biopsy (SLNB) was pioneered for the
staging of melanoma in 1994 (1). Shortly thereafter, Giuliano
et al. (2) demonstrated the feasibility of SLNB for breast
cancer. Over the subsequent two decades, the SLNB has
been validated by several trials, and has become the new
standard-of-care for patients with clinically node-negative

invasive breast cancer. Since the SLNB is found to be
positive in approximately 30% of patients undergoing
surgical treatment of clinically node-negative breast cancer,
70% of women are now able to avoid radical surgery in the
form of complete axillary node dissection (ALND), which is
known to be associated with a higher incidence of morbidity,
longer hospitalisation, and impairment of quality of life (3).

The optimal SLNB technique utilises a radioactive isotope
tracer in addition to a blue dye and when both modalities are
used and the procedure is performed by an experienced
surgeon, it has been reported to be highly accurate (4). It was
noted in early studies that there was not any identifiable
advantage of lymphoscintigraphy mapping even for surgeons
learning the techniques. Intra-operative frozen-section
analysis of the sentinel node has been shown to be accurate
for the evaluation of metastatic disease with high sensitivity
and excellent specificity (5, 6). 

Since the eighth edition of the American Joint Committee
on Cancer/Union for International Cancer Control TNM
classification (7) the extent of metastatic disease in the sentinel
node has been classified into three categories: isolated tumour
cells (ITCs; <2 μm, not larger than 0.2 mm in largest
dimension); micrometastatic disease (MM; 2 μm-2 mm); and
macrometastatic disease (>2 mm). In addition, the eighth
edition also mentions real-time polymerase chain reaction as
a new modality for detecting cancerous cells in sentinel nodes. 

The aim of this review was to analyze and summarise the
existing literature and evidence to assess the need for complete
ALND post positive SLNB identification. Level 1 evidence
from critically appraised randomised clinical trials was used. 

Management of ITCs and MM

ITCs and MM have become more common findings due to
the increased use of immunohistochemistry (IHC). Similarly,
new refinements in real-time polymerase chain reaction, such
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as One-Stop Nodal Analysis, have been recently introduced
for intra-operative evaluation, and have been demonstrated
to be even more sensitive for detecting metastatic deposits
than IHC (8).

The clinical implications of these findings were unclear,
with little progress towards a consensus until very recently, due
to the non-availability of suitable level evidence (9-11).
Although the presence of ITCs in the sentinel nodes has a
prognostic significance, there is a consensus that it does not
represent an indication for further treatment of the axilla (11).
The presence of micrometastatic disease in the sentinel node
was, until recently, considered an absolute indication for a
complete ALND (12). However, more recent evidence is highly
suggestive that a more conservative approach to such micro-
deposits would be more appropriate despite modest upstaging
of the disease (9). A recent randomised controlled trial (RCT)
confirmed the oncological safety of omitting complete ALND
for MM-positive SLNB (IBCSG 23-01) (13).

Management of Macro-metastases 

The presence of macro-metastases in the sentinel nodes is
considered a routine indication for complete ALND, as stated
by the National Institute for Health and Care Excellence
(2018) (14). However, a recent RCT carried out by the
American College of Surgeons Oncology Group (Z0011)
showed that in women undergoing breast-conserving surgery
(BCS) for clinically node-negative T1/T2 invasive breast
cancer, complete ALND is not required if only 1-2 sentinel
nodes were found to be invaded by malignancy. The five-year
disease-free survival and overall survival were similar in the
ALND group versus that without ALND. There was no
significant difference between the two groups in relation to
the primary tumour characteristics and the use of adjuvant
systemic therapy. All patients received adjuvant radiotherapy
following BCS (15). Therefore, patients who fulfil the criteria
for this trial can avoid complete ALND, which is associated
with a higher incidence of complications. Patients must: be
at least 18 years old, have sentinel node-treated clinical T1/T2
N0 M0 breast cancer, have negative lumpectomy margins,
have undergone sentinel node dissection within 60 days of
their invasive breast carcinoma diagnosis, and have an
Eastern Cooperative Oncology Group/Zubrod status of 2 or
less. The presence or absence of extra-capsular extension
(ECE) was not analysed in this trial. A recent retrospective
study showed that the presence of an ECE greater than 2 mm
in the sentinel nodes was associated with significant tumour
burden in non-sentinel nodes during ALND and therefore this
feature can be added to the eligibility criteria for omitting
ALND when the SLNB is positive (i.e. ECE <2 mm) (16). 

Schwentner et al. used data from 342 patients with breast
cancer identified as having clinically node-negative disease
with a positive SLNB and subsequent ALND (16). In their

retrospective cohort study, the following characteristics were
identified regarding extracapsular nodal extension-positive
patients: a significantly higher proportion with three or more
positive ALNs, significantly greater lymph node metastasis
size of more than 2 mm, and lower rates of T1 status. It should
be noted that there was variation in the results depending on
the type of analysis performed on the data. With univariate
analysis, extracapsular nodal extension was related to worse
overall survival. With multivariate analysis, nodal status, age
and comorbidities were adjusted for so this effect disappeared.
The authors suggested that extracapsular nodal extension will
only influence patients with a higher number of positive
nodes, in which case it acts as one of the most predictive
parameters for breast cancer survival outcomes.

Complete ALND is still indicated in women who are
undergoing BCS, found to have metastatic disease involving
three or more lymph nodes, or undergoing total mastectomy
with positive SLNB involving any lymph nodes.

In a further shift towards less radical surgery of the axilla,
the recent AMAROS RCT showed that axillary radiotherapy
was as effective as complete ALND in terms of 5-year overall
and disease-free survival. Furthermore, radiotherapy (50 Gy
in 25 fractions) was associated with a lower incidence of
lymphoedema of the arm, in the short and long term. The
authors, however, observed a non-significant trend towards
impairment in shoulder movement in women undergoing
radiotherapy to the axilla in the short term. Earlier analysis of
the trial data showed that the lack of knowledge of the
pathological status of the non-sentinel nodes did not influence
the treatment decisions in relation to adjuvant systemic
therapy (17). Moreover, oncologists are increasingly basing
their systemic treatment recommendations (18) on the use of
multigene molecular signatures of the primary tumour, such
as Mammaprint®, Oncotype DX®, and Endopredict®.

The American Society of Clinical Oncology (ASCO) has
recently updated its guidelines to reflect the results of these trials
(19). The adoption of these guidelines worldwide will spare
thousands of women radical surgery to the axilla without
compromising their clinical outcome. However, the final
treatment recommendations must always be made in the context
of a multidisciplinary setting. The findings of these trials are
consistent with the biological behaviour of breast cancer and the
longstanding perception that axillary surgery aims to provide
staging and prognostic information to guide systemic treatment
and radiotherapy recommendations rather than achieving
mechanical eradication of the disease. Evidence-based medicine
means that we should embrace the results of these RCTs and
introduce the new ASCO recommendations into our clinical
practice to improve the quality of life of our patients. The main
limitation of the initial report of the Z0011 trial was the short
follow-up duration of 5 years and this has limited the worldwide
adoption of the trial results in clinical practice since hormone-
sensitive breast cancer tends to relapse after 5 years of treatment.
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The 10-Year Update of the ACOSOG Z0011 Trial

The Z0011 investigators updated their results in 2017 and
reported the clinical outcome 10 years after the original trial
was conducted (20). The findings showed that at a median
follow-up of 9.3 years, SLNB was non-inferior to ALND in
both overall and disease-free survival. Hence, they concluded
that routine use of ALND is not indicated in patients who
fulfil the trial’s criteria for SLNB. 

The lack of significant difference in disease-free survival
between patients treated with SLNB as opposed to ALND
suggests that nodal recurrence is primarily an early event.
Although hormone-receptor positive tumours are known to
carry a higher risk of recurrence during extended follow-up
(21, 22), the patients who underwent SLND in the Z0011trial
did not have a significantly greater rate of recurrence when
compared to those who underwent ALND. It should be noted
that in an adjusted analysis, the elimination of ALND was
not associated with better overall survival but the use of
SLNB was.

The treatment of patients who fit the criteria set out by the
Z0011 trial has changed considerably. Overall, the use of
ALND has decreased dramatically and the use of SLNB has
also increased. In the Z0011 study, after controlling for
various other confounding factors, age was not significantly
associated with an increase in the rate of recurrence and
ALND also does not need to be recommended in younger
women or women with triple-negative breast cancer.
Nevertheless, caution should be exercised when applying the
results of the Z0011 trial to those patients under-represented
in the trial, such as young patients, and patients with triple-
negative breast cancer, grade 3 tumours and infiltrating
lobular carcinoma, and the decision should be always made
in the context of a multidisciplinary discussion.    

The use and omission of nodal irradiation along with the
use of high-tangent field irradiation was similarly distributed
by treatment group in this trial, hence it was unlikely to have
affected the outcome of the study. Recent studies have
investigated the effect of nodal irradiation on long-term
survival and reached differing results (23, 24). It should be
noted that the aforementioned studies examined different types
of breast cancer (high-risk early- stage versus stage II-III). 

The following issues are acknowledged by the researchers
of the Z0011 trial: The low accrual and event rate mean that
the study did not reach its pre-specified target sample size of
1,900 participants nor 500 deaths, not all biological subtypes
were represented in large numbers, different individual
circumstances may have resulted in differences in outcome,
and some patients (evenly distributed amongst the two
groups) had variations in irradiation protocol which carried
the potential of slightly altering outcomes. 

The results of their follow-up indicate that the use of
ALND can no longer be justified in women who meet the

criteria set out by the Z0011 trial, particularly if they are
postmenopausal and have hormone-sensitive breast cancer.
However, it is unsafe to eliminate ALND for women who do
not meet these criteria. 

A Critical Appraisal of the ACOSOG Z0011 Trial 

The following is taken from an analysis of the limitations
present in multiple RCTs examining axillary treatment in
primary breast cancer and low burden axillary disease (25). 

A hazard ratio of 1.3 was calculated by the authors of the
ACOSOG Z0011 trial and was used to justify the conclusion
that SLNB is non-inferior to ALND. It is a very large margin
for determining whether SLNB is non-inferior and this
makes it surprising that the study did not meet its recruitment
goals. The low recruitment rate raises concerns of high
recruitment bias. It also means that the researchers did not
achieve 90% statistical power as was their aim, instead
achieving approximately 35%. Of the original patients,
19.4% were lost to follow-up, and although there was no
significant loss of patients in one trial group compared to the
other, it can only have further hampered the conclusion
drawn from their data. Furthermore, 103 ineligible patients
were included in the trial; this was 11.6% of the total patient
cohort; 3.7% of patients undergoing SLNB had three or more
positive lymph nodes, which the researchers originally
claimed to be part of their exclusion criteria. 

Contrary to what is claimed by the Z0011 trial researchers,
disease characteristics at baseline were not well balanced
between the two arms of the trial; the ALND group carried
a greater burden of nodal disease. A two-tailed chi-squared
test with one degree of freedom examining the difference in
patients with MM between the two groups gives a value of
p=0.046, which indicates borderline significance. The
inclusion of patients with MM and ITCs undermined the
purpose of the trial because these patients were
comparatively unlikely to die. In addition, this could have
been a contributing factor to the early closure of the trial. 

The trial committed major protocol violations. Too many
patients were assigned to the wrong type of surgery to
reasonably suggest that this was due to chance; 7.6% of
patients randomised to ALND underwent SLNB, whereas
2.5% had ALND when they were assigned to SLNB. These
patients were then included in all analyses. Furthermore,
radiotherapy details were missing in 29.3% patients. Despite
radiotherapy being administered reasonably equally across
both treatment arms, the effect of radiotherapy post-ALND
versus the effect on an untreated axilla (essentially an axilla
treated with SLNB) is very different and may have
significantly affected the endpoints. Patients receiving nodal
radiotherapy had significantly more involved lymph nodes,
which indicates that its use was not random and was targeted
according to physician selection. A total of 16.5% of the
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patients who underwent SLNB were also treated with
supraclavicular fossa radiotherapy. These violations suggest
that SLNB patients received effective localised treatment
which negates any comparative conclusion drawn between
SLNB and ALND. 

Finally, most patients were postmenopausal and had
hormone-sensitive breast cancer. This weakens the evidence
for women younger than 45 years of age and those with other
subtypes such as triple-negative and human epidermal growth
factor receptor 2 (HER2)-positive breast cancer. However,
most patients with triple-negative or HER2-positive breast
cancer are nowadays treated with neoadjuvant systemic
therapy and this point is discussed later in this article.

Therefore, caution should be exercised when concluding
that SLNB is non-inferior to ALND based on this trial alone
due to flaws present in the study design and execution.
Moreover, the results of the Z0011trial are not consistent
with those of the MA20 trial data (26), which showed that
combined regional radiotherapy and ALND improved
disease outcome compared to standalone ALND.

Another study examined the relationship between patient
age and tumour subtype and the extent of axillary surgery
conducted on the patients in the Z0011 trial (27). The authors
concluded that in all groups, the use of SLNB alone increased
over time, but the extent to which a patient had axillary surgery
differed according to their age and tumour subtype. Logistical
regression was used to analyze the data. Patients who were 70
years of age or older were significantly likelier to undergo
SLNB alone. Younger patients (older than 40 years but younger
than 70 years) and patients with HER2-positive/triple-negative
disease were significantly less likely to undergo SLNB alone
compared to patients with luminal subtypes. 

Can SLNB Be a Viable Alternative to Complete
ALND and Following Neoadjuvant Chemotherapy
(NAC) in Women with Node-Positive Cancer? 

We recently performed a meta-analysis (28) using data from
19 articles and 3,398 biopsy-proven node-positive patients
to conclude that SLNB, following NAC, has a false-negative
rate (FNR) of 13%, a sentinel lymph node identification rate
(SLNIR) of 91%, and an adjusted pathological complete
response (pCR) of 47%. The SLNB is, therefore, a viable
alternative to complete ALND provided that at least two
nodes are sampled and there is a radiological evidence of
response to NAC. However, more refined patient selection
and better choice of optimal techniques can improve the
SLNIR and FNR. 

Optimum mapping techniques might reduce FNR but in this
analysis, there was no consensus between studies on mapping
techniques. Some techniques have shown a promising
reduction of FNR, such as marking the pathological ALN with

radioactive iodine seeds (MARI) or marker clips to permit its
removal in a process similar to SLNB. This allows FNR to fall
to between 0 to 7%, which is at least similar if not better than
that for the SLNB for clinically node-negative patients (28).
The SLNIR of 91% found in our meta-analysis is still lower
than those found in meta-analyses conducted on node-negative
patients. The relatively high estimate of 47% pCR shown in
this meta-analysis suggests that ALND may be overtreatment
for these node-positive patients if performed routinely and
SLNB after neoadjuvant therapy can lead to omission of
ALND in a significant proportion of patients who are node-
positive prior to the initiation of therapy, resulting in reduced
morbidity (especially lymphoedema) and hospitalization and
better quality of life for patients. Sampling of more than one
sentinel node seems to improve the SLNBIR and reduce the
FNR (29) and the authors of the meta-analysis recommended
sampling at least two sentinel nodes post neoadjuvant therapy.

Axillary ultrasound scanning can clinically stage axillary
nodes at the time of diagnosis of breast cancer and can also
be used post-NAC where it is better at detecting positive
nodes instead of predicting pCR (30). In determining ALN
status, positron-emission tomography (PET) has a high
specificity range but a low and broad sensitivity range (31,
32). Larger studies are required to appropriately assess the
sensitivity and specificity of magnetic resonance scanning
for imaging axillary nodes post-NAC. 

This meta-analysis admitted several limitations. Node-
positive patients were selected “with or without needle
biopsy”, hence six out of the 19 studies included did not use
a biopsy of ALNs pre-NAC to determine histopathology.
The clinical complete nodal response covered a large range,
from 21.5% to 83.9%. The pooled estimate for FNR was
found to be 13%, which is lower than the results found by
other meta-analyses and higher than what is found in node-
negative patients. However, the FNR was reasonably low
here so it could be considered as an option for node-positive
patients. Publication bias may be present due to the lack of
inclusion of non-English studies. The use of a random-
effects model may lessen the reliability of results. Not all
studies reported receptor status. Moreover, a high degree of
heterogeneity was observed between studies. 

Can the Use of SLNB and ALND Be 
Omitted Entirely in Patients with 
Node-positive Disease Post Neoadjuvant 
Systemic Therapy (NST)? A Summary 

It should be noted that the following arguments are based on
the findings of one article alone and that they do not
compare the use of SLNB versus the MARI procedure (33).
In this study, the MARI node is defined as an iodine-125
seed placed under ultrasound guidance in the largest tumour-
positive axillary node. 
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Ninety-three patients were used to examine whether
tailored axillary treatment post-NST using the MARI
procedure and 18F-fluorodeoxyglucose (FDG) PET-computed
omography (CT) would be sufficient to avoid using the
standard of care (ALND). After the MARI procedure, all
patients underwent ALND to allow estimation of potential
over- and undertreatment. It was found that 74% patients
could have avoided ALND, three patients were potentially
undertreated, and 16% patients were potentially overtreated.
The MARI identification rate was 97% with 7% FNR. It was
also minimally invasive compared to ALND. 

Axillary treatment was omitted in patients with one-three
FDG-avid ALNs present on a PET/CT scan and a tumour-
negative MARI node. Patients who did not meet these
criteria were offered axillary treatment. Proof that 95% of
patients were treated correctly would be acceptable evidence
for a change of practice. Patients with invasive breast cancer
larger than 3 cm in diameter and/or at least one tumour-
positive ALN were offered NST, which was administered
under institutional guidelines. 

Currently, there are two trials which are investigating
axillary treatment post-NST in clinically node-positive
patients which should provide information on the long-term
follow up when ALND or radiotherapy is omitted. 

pCR is defined as the ‘absence of vital tumour cells in the
MARI node and additional nodes in the ALND, irrespective
of the response in the breast’; this may exclude vital
evidence which is reflective of the treatment effectiveness.
Patients with a pCR of the primary tumour/axilla must be
identified for the surgical procedure to have any comparative
benefit in locoregional control. 

The total patient cohort used in this summary of 93 is
relatively too small for the researchers to be able to make
treatment recommendations. The MARI node had been in
situ for a median of 18 weeks at the time of removal. In the
Netherlands, the country where the study was conducted, the
cost of FDG PET-CT is much lower compared to other
countries around the world. Patients with one to three
suspected ALNs and a false-negative MARI, or patients in
whom the PET-CT scanning underestimated axillary staging,
would be undertreated. 

Conclusions and Recommendations 
for Clinical Practice 

Complete ALND is not routinely indicated if the SLNB is
positive for ITCs or MM. In the presence of macro-
metastases, the SLNB alone is non-inferior to complete ALND
in patients with T1-T2 undergoing BCS and adjuvant radiation
according to the mature RCT with 10 years of follow-up
(ACOSOG Z0011) (20). Considering the limitations of the
ACOSOG Z0011 trial and the need for further confirmatory
studies, the decision to omit complete ALND should be made

after multidisciplinary discussion of the final pathology. This
approach seems to be safe in postmenopausal women with
hormone-sensitive breast cancer who fulfil the Z0011
eligibility criteria supported by level 1 evidence. Caution
should be exercised when applying this to young women
(younger than 45 years) and those with basal phenotypes.
There is a retrospective evidence (34) that ALND could also
be safely omitted in patients with a macrometastasis-positive
SLNB who were under-represented in the ACOSOG Z0011
trial including T3 tumours, more than two positive sentinel
nodes, invasive lobular carcinoma, oestrogen receptor-negative
status, extranodal extension, Nottingham grade 3, or age <50
years. However, larger cohorts and longer follow-up times are
needed to conclusively determine if ALND exclusion is safe
for these patients. 

In patients with biopsy-proven ALN involvement
undergoing neoadjuvant chemotherapy, SLNB is a valid
alternative to complete ALND provided that at least two
nodes are sampled and there is a radiological evidence of an
excellent response to NAC. However, more refined patient
selection and better choice of optimal techniques can
improve the SLNIR and FNR. 

When complete ALND is indicated, axillary radiotherapy can
be considered as a valid alternative with equivalent outcome.
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