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Breast cancer staging, in particular N-stage changed most significantly due to the advanced 
technique of sentinel lymph node biopsy two decades ago. Pathologists have more thoroughly 
examined and scrutinized sentinel lymph node and found increased number of small volume me-
tastases. While pathologists use the strict criteria from the Tumor Lymph Node Metastasis (TNM) 
Classification, studies have shown poor reproducibility in the application of American Joint Com-
mittee on Cancer and International Union Against Cancer/TNM guidelines for sentinel lymph 
node classification in breast cancer. In this review article, a brief history of TNM with a focus on 
N-stage is described, followed by innate problems with the guidelines, and why pathologists may 
have difficulties in assessing lymph node metastases uniformly. Finally, clinical significance of 
isolated tumor cells, micrometastasis, and macrometastasis is described by reviewing historical 
retrospective data and significant prospective clinical trials.
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▒ REVIEW ▒

The management and treatment of the axilla is moving to-
wards conservatism since complete removal of axillary lymph 
nodes after sentinel lymph node (SLN) has not been affecting 
the overall survival and recurrence free survival. SLN biopsy has 
been as effective as axillary lymph node dissection (ALND) in 
staging, locoregional control and survival without morbidity 
such as lymphedema and swelling. Along with the advance-
ment of SLN biopsy, pathologists have been scrutinizing assess-
ment of SLN findings. Finding metastatic carcinoma in lymph 
nodes is a statistical exercise of probability. With more levels of 
blocks with hematoxylin and eosin (H&E) and immunohisto-
chemical (IHC) stain sections we get, the probability of having 
positive lymph node increases. Pathologists have developed a 
robust way of detecting metastasis in SLN. In fact, with the ap-
plication of IHC stain, negative SLN by a single level routine 
H&E slide can convert into positive SLN in 12%–29%,1-6 most 
of them with small volume metastases such as isolated tumor 
cells (ITC) and micrometastasis, which are staged as pN0(i+) 
and pN1mi.

With the advent of detecting increasing number of small vol-
ume metastases in SLN, the following questions arose: Is ITC a 
true metastasis? What is the chance of having positive metastatic 

lymph node when complete ALND is done with ITC in? Why 
is ITC considered pN0(i+) and not counted as a positive lymph 
node in Tumor Lymph Node Metastasis (TNM) staging? For 
that matter, is micrometastasis clinically significant metastasis? 
What is the chance of having positive metastatic lymph node 
when complete ALND is done? Why micrometastasis is consid-
ered pN1mi and counted as a positive lymph node in TNM 
staging? Is the volume or the number of tumor cells between 
ITC and micrometastasis so different that we should count as 
negative and positive in the N-stage respectively? Who should 
decide the cut-off number or size/volume of metastatic cells be-
tween pN0(i+) and pN1mi? Why was complete ALND recom-
mend for pN1mi and macrometastasis in SLN but not for pN0 
(i+) traditionally? Are we (pathologists) uniformly and correctly 
assigning pN0(i+), pN1mi and macrometastasis in SLN? And 
even if we have accomplished such tasks successfully, is it clini-
cally meaningful, and helpful to breast cancer patients in under-
standing prognosis? Lymph node staging is the most important 
prognostic factor for breast cancer. Is this still true? With nu-
merous clinical trials published in literature suggesting that 
conservative management is currently more appropriate regard-
less of the size of metastasis in SLN, do we still need to split our 
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hairs dividing pN0(i+), pN1mi and pN1 in N-stage?
In this article, review of SLN in breast cancer is listed in the 

following order: Brief history of SLN staging, problems in de-
termining metastatic SLN size in pathology, clinical significance 
of positive SLN, along with personal commentary and a plea to 
use evidence based practice to develop new and relevant standard 
criteria in SLN in the 8th edition of the American Joint Com-
mittee of Cancer (AJCC) staging systems. 

BRIEF HISTORY OF SENTINEL LYMPH  
NODE STAGING

The TNM staging system was initially devised more than 50 
years ago by Pierre Denoix in France.7 From then on, many revi-
sions were made in advent of changes in breast cancer manage-
ment and treatment. 

In 1987, the International Union Against Cancer (UICC) and 
the AJCC staging systems were unified into a single TNM 
staging system to be able to communicate clinical information 
without ambiguity. “T is for the size or direct extent of the pri-
mary tumor, N is for the spread of regional lymph nodes and M 
is for the presence of distant metastasis.” Since the first publica-
tion in 1977, currently AJCC/UICC system revised and pub-
lished the 7th edition.8,9 

It is arguable that N part of the staging changed most signif-
icantly since the SLN, biopsy first described by Giuliano et al.10 
in 1994 in breast cancer as a potential altering the role of 
ALND by using intraoperative lymphatic mapping. 

Along with SLN biopsy advancement by surgical oncolo-
gists, pathology assessment of SLN biopsy sample led to signifi-
cant changes in N-stage by the AJCC Staging Manual. Starting 
from the 5th edition in 1997 when the first SLN was reported, 
the 6th edition in 2003 and the 7th edition in 2010 had some 
changes regarding SLN reporting. As SLN biopsy became more 
a standard treatment in the management of breast cancer, the 
AJCC Staging Manual needed revision to reflect the continual 
development and knowledge in this field. The 6th edition of 
the AJCC Cancer Staging Manual when compared to the previ-
ous one contains some of the most extensive and significant re-
visions pertaining to SLN related to the growing knowledge of 
new technology such as IHC staining and reverse transcriptase-
polymerase chain reaction (RT-PCR). The principal changes are 
related to the size, number, location, and method of detection 
of regional metastases to the lymph nodes. A Breast Task Force 
was constituted to serve in an advisory role to the AJCC in the 
fall of 2001 and the 6th edition reflected the significant changes. 

The Breast Task Force used the guideline to recommend chang-
es and additions based on evidence-based findings in published 
clinical outcome data, reflecting a wide-spread clinical consensus 
and changes in nomenclature and coding system which support 
the uniform accrual of outcome information in national data-
banks.11,12 

In the AJCC 5th edition, micrometastases were defined as 
metastatic lesions no larger than 2 mm in greatest dimension and 
classified as pN1. The terminology “occult metastases” was in-
terchangeably used to describe a small metastatic carcinoma in 
the lymph node in the literature. The upper limit of 2 mm cut-
off for separating micro- and macrometastases was determined 
by two studies 30 years ago.13,14

The major change in the AJCC 6th edition was to define the 
lower limit for micrometastasis defined as a metastatic lesion 
larger than 0.2 mm in diameter and the upper limit was kept in 
2 mm and ITC (single cells or cell deposits) no larger than 0.2 
mm and classified as pN0. This lower limit of > 0.2 mm (10 
times smaller than the upper limit) had been tested in only one 
retrospective study.15

With the advent of more sensitive technique, such as IHC 
stains, it was easier to detect ITC that were not readily visible 
from the H&E stain slides which was the gold standard for de-
tection of metastatic carcinoma in the axillary lymph nodes. For 
example, when H&E stain shows no metastatic carcinoma but 
IHC stain with ITC, then the classifier became pN0(i+) for 
positive IHC, no cluster > 0.2 mm. The designation of pN1mi 
(i+) was used when H&E stain negative but IHC stain detected 
micrometastasis. So, “i” stands for IHC stain in the 6th edition 
AJCC.16

Separating the upper and lower limits of cutoff for ITC and 
micrometastatic lymph node is not an easy task since there is no 
“pure” study that has evaluated differences in overall survival 
compounding factors such as with or without tumor size, chemo-
therapy and radiation therapy. 

The pN0(mol-) and pN0(mol+) classifiers were also added in 
the 6th edition of AJCC based on the molecular findings using 
RT-PCR.

The additional designation of (sn) for “sentinel node” was 
used in the classification of TNM staging system when only the 
SLN was excised without the full ALND. See Table 1.

With the advent of SLN biopsy, knowing sentinel nodes are 
more likely to contain metastases than non-SLNs, pathologists 
began to perform much more thorough and comprehensive ex-
aminations which included grossing by submitting the entire 
node by sectioning 2.0 mm thickness in a longest axis, serial 
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sections for H&E stains instead of just one section, and adding 
IHC stains which deviated from the reference population assay 
in which lymph node examination was much simpler- one 
H&E section per node for pathologic examination before 1990s. 
Previously, grossly negative large lymph nodes were not neces-
sarily entirely submitted for histologic examination.

Introduction of ITC was to prevent overtreatment of low-
volume nodal involvement since some of the ITC is caused by 
passive tumor cell transport to the SLN after pre-operative fine 
needle aspiration (FNA) and/or core needle biopsy procedures 
and iatrogenic displacement due to breast massage causing be-
nign epithelial elements in lymph node resulting false positive 
especially in papillary lesions.17

As we all know, finding metastatic carcinoma in lymph nodes 
is a statistical exercise of probability. With more H&E and IHC 
stain sections we get from the block, the probability of having 
positive node increases. We have the capability to detect even 
one cell in the SLN if this is clinically meaningful but first, we 
need to figure out whether this effort is paid off by clinical sig-
nificance. 

Also, there are differences in terminology in literature. Prior to 
AJCC 2003 and 2006, the term “isolated tumor cells” and “mi-
crometastasis” were not clearly defined. Some studies referred to 
these as “occult metastasis.”

Later on the AJCC definition of SLN tumor deposits were 
measured using a micrometer and placed in one of three catego-
ries:9 macrometastasis, micrometastasis, or ITC. A macrometas-
tasis was classified as “one or more tumor deposits greater than 2 
mm.” A micrometastasis was classified as a tumor deposit “great-
er than 0.2 mm but not greater than 2.0 mm in largest dimen-
sion.” ITC were “defined as single cells or small cluster of cells 
not greater than 0.2 mm in largest dimension.” A cluster was 
defined as “a confluent focus of tumor cells touching other tu-
mor cells.” The single largest cluster was measured by microm-
eter. Single dispersed cells throughout the lymph node were re-
garded as ITC if the largest cluster measured less than or equal 

to 0.2 mm.9 The presence of metastatic disease is measured by 
the size of the largest contiguous metastasis for multiple foci in 
SLN. The main differences between the AJCC 6th edition to the 
AJCC 7th edition in regards to SLN is to count the number of 
metastatic cells; if it is less than 200 cells versus over 200 cells 
for ITC and micrometastasis respectively. The label “i” stands 
for isolated tumor cells and not IHC stain for the 7th edition 
AJCC.

The main reason for a 200 cell cutoff was to have better repro-
ducibility between pathologists. The arbitrary cutoff of the exact 
size and number was listed for improvement of agreement be-
tween pathologists without any clinical trial of the significance 
in prognosis and clinical validation. In fact, this was incorporat-
ed into the 7th edition for large dishesive, non-confluent tumor 
cells throughout the lymph node typically seen in metastatic 
lobular carcinoma. In addition, the 7th edition of AJCC states 
“these thresholds are meant to be guidelines, and not absolute 
cutoffs, to help pathologists determine if the tumor burden in a 
given lymph nodes is likely to be clinically important or not. 
The pathologist should use judgment and not an absolute cut-
off of 0.2 mm or exact 200 cells, in determining the likelihood 
of whether the cluster of cells is an ITC or a true micrometasta-
sis”. See Table 2.

According to the 7th edition AJCC, a positive node is defined 
as a metastasis measuring at least 0.2 mm, or > 200 tumor cells 
(pN1mi). Whenever there is a positive lymph node, the pathol-
ogist also needs to describe the following: the size of metastasis 
(or number of tumor cells), the anatomical node involved such as 
axilla, internal mammary, intramammary, infraclavicular or su-
praclavicular lymph node, the total number of positive nodes, 
and the method of detection such as clinical, FNA or tissue biopsy.

Positive intramammary lymph nodes are count in the total 
axillary lymph node count. Positive internal mammary SLN af-
fects pN stage depending on status of other nodes (metastasis in 
clinically apparent ipsilateral internal mammary lymph nodes 
in the presence of 1 or more positive axillary lymph nodes; or in 

Table 1. AJCC 6th edition

pN0(sn) No metastasis-sentinel lymph node
pN0(i+) Isolated tumor cells (single cells or cell deposits) no larger 

  than 0.2 mm 
pN1mi Metastatic lesion larger than 0.2–2.0 mm
pN1mi(i+) H&E stain negative but IHC stain detected micrometastasis
pN0(mol-) Negative molecular findings using RT-PCR
pN0(mol+) Positive molecular findings using RT-PCR

AJCC, American Joint Committee of Cancer; H&E, hematoxylin and eosin; 
IHC, immunohistochemical; RT-PCR, reverse transcriptase-polymerase 
chain reaction.

Table 2. AJCC 7th edition

pN0(i+) Isolated tumor cells (single cells or cell deposits) no larger than 
  0.2 mm or fewer than 200 cells

pN1mi Metastasis greater than 0.2 mm and/or more than 200 cells, 
  but none greater than 2.0 mm

pN1a Macrometastasis in 1 to 3 axillary lymph nodes, at least 
  1 metastasis greater than 2.0 mm

pN2a Metastases in 4 to 9 axillary lymph nodes (at least 1 tumor 
  deposit greater than 2.0 mm) 

pN3a Metastases in 10 or more axillary lymph nodes (at least 1 tumor 
  deposit greater than 2.0 mm)

AJCC, American Joint Committee of Cancer.
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more than 3 axillary lymph nodes and in internal mammary 
nodes with microscopic disease detected by SLN dissection but 
not clinically apparent). Positive infraclavicular node is staged 
as pN3a and supraclavicular node is staged as pN3c.

In addition, there is a troubling statement in the AJCC 2010 
“Data elements with asterisks (small clusters of cells not greater 
than 0.2 mm or single tumor cells, or a cluster of fewer than 200 
cells in a single histologic cross-section) are not required. How-
ever, these elements may be clinically important but are not yet 
validated or regularly used in patient management.”

Further disclaimer statements in the 7th edition of AJCC are 
as follows: “Approximately 1,000 tumor cells are contained in a 
3-dimensional 0.2-mm cluster. Thus, if more than 200 individu-
al tumor cells are identified as single dispersed tumor cells or as 
a nearly confluent elliptical or spherical focus in a single histo-
logic section of a lymph node, there is a high probability that 
more than 1,000 cells are present in the node. In these situa-
tions, the node should be classified as containing a micrometas-
tasis (pN1mi). Cells in different lymph node cross sections or 
longitudinal sections or levels of the block are not added togeth-
er; the 200 cells must be in a single node profile even if the node 
has been thinly sectioned into multiple slices. It is recognized 
that there is substantial overlap between the upper limit of the 
ITC and the lower limit of the micrometastasis categories be-
cause of inherent limitations in pathologic nodal evaluation and 
detection of minimal tumor burden in lymph nodes. Thus, the 
threshold of 200 cells in a single cross-section is a guideline to 
help pathologists distinguish between these 2 categories.”9 And 
final statement is as follows: “The pathologist should use judg-
ment regarding whether it is likely that the cluster of cells rep-
resents a true micrometastasis or is simply a small group of iso-
lated tumor cells.” 

In 2010, both the UICC and TNM joined in the provision in 
guidelines for SLN classification, however, studies have shown 
poor reproducibility in the application of in both invasive duc-
tal and invasive lobular carcinomas.

Furthermore, previous studies have shown that application of 
IHC stain on H&E negative lymph node can detect small vol-
ume metastatic carcinoma in 12%–29% of cases. However, all 
the previous data of prognosis based on lymph node status has 
been from one H&E section evaluation. Therefore due to more 
thorough examination of SLN, more cases of ITC have been re-
ported.1-6

For this reason, the College of American Pathologists (CAP) 
published a consensus statement in July 2000 recommending a 
single H&E slide section from each lymph node block without 

gross evidence of metastasis without routine cytokeratin IHC 
stain or routine serial sectioning based on the preliminary study 
from John Wayne Cancer Center which found no differences in 
five-year disease-free survival rate between node negative by 
H&E negative, IHC negative versus H&E negative, IHC posi-
tive groups.18-20

Although CAP guidelines and recommendations for SLN bi-
opsy for pathologists did not include serial sectioning with mul-
tiple H&E slides and IHC stains, many pathologists reported 
and continued to perform comprehensive evaluation on SLN 
including our institution to this date. With the advent of the 
comprehensive SLN evaluation, probability of finding small 
metastasis increased and the natural question is whether to per-
form completion ALND on these cases. It is reported that among 
patients with a positive SLN by H&E stain were found to have 
additional nodal metastasis in ALND in 48.3% of cases.21 In ad-
dition, metastatic carcinoma is found in non-sentinel nodes dur-
ing ALND in 9%–15% and 15%–35% of patients with ITC 
and micrometastasis in the SLN respectively.22-25 

Traditionally, complete ALND was done for SLN with pN1mi 
and macrometastasis but not for pN0(i+). Also adjuvant che-
motherapy may have been added to pN1mi and macrometasta-
sis. This was true in many practices including our institution. 
And therefore, it would be important to distinguish an accurate 
size of metastatic tumor deposits in the SLN.

PROBLEMS IN DETERMINING METASTATIC 
SENTINEL LYMPH NODE SIZE IN PATHOLOGY

Grossing axillary SLN

How best to gross SLN is not stated in the AJCC Staging 
Manuals. Most pathologists submit clinically negative SLN en-
tirely for microscopic examination by slicing lymph node in a 
longest axis into 0.2 cm thickness based on CAP guideline. CAP 
states that a single H&E section from each block is sufficient and 
multiple level sections and IHC stain for keratin are not neces-
sary. However, there are many institutions performing multiple 
levels and IHC stains for each block for SLN. The “correct” 
method is still a matter of debate. In our institution, we get 3 
multiple levels for H&E stain and 2 intervening keratin IHC 
stains for entirely submitted each SLN blocks. The reason for this 
is that IHC stain highlights small metastatic cells easier than 
H&E stain, especially for the metastatic lobular carcinoma cases. 

Microscopic examination of SLN

While the 7th edition AJCC criteria and definition are fairly 
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straightforward, its’ application may be difficult in reality for 
pathologists to uniformly classify N-stage correctly. Initially, in 
2006, Dr. Connolly26 described some of the most practical chal-
lenges in the classification in the assessment of SLN biopsy sep-
arating ITC, micrometastases, and macrometastases. 

Cserni et al.27 reported that there is 24% discordance in their 
review of 512 cases of low-volume nodal metastasis and a plea 
for better formulated supplemented TNM definition. 

Literature reported the kappa values for pathologist’s agree-
ment is at best moderate to substantial reproducibility.28-32 The 
kappa value for interobserver agreement was reported moderate 
(0.55 and 0.56) for pN0(i+) and substantial (0.62) for pN1mi. 
This is an improvement from the previous interobserver agree-
ment amongst expert breast pathologists (kappa: 0.49) and com-
munity hospital-based pathologists (kappa: 0.47) based on Euro-
pean Working Group for Breast Screening Pathology (EWGBSP). 
Despite the intent for the better interpretation of metastatic tu-
mor cells in lymph node in the 7th edition AJCC, many issues 
have not been resolved. In 2012, Netherlands group published 
the discrepancy rate between central to local pathologists in 
which changed pN status in 24% with kappa value of 0.69.33

This is stating that one of four cases in breast cancer, patholo-
gists do not agree with N-stage even though the descriptor for 
N-stage is easily understandable in the AJCC Staging Manual. 
There are still some circumstances pathologists have difficulties 
knowing how to accurately assign N- stage based on the 7th edi-
tion AJCC. Here are some of the examples:

1. Multiple discontinuous foci of metastatic carcinoma as seen 
in Figs. 1 and 2. The entire area of metastatic carcinoma is > 2 
mm but the largest contiguous metastatic carcinoma measures 
< 0.2 mm. Is this macrometastasis or micrometastasis? The 
AJCC staging criteria states that we should not add these non-
contiguous metastatic foci but shouldn’t there be an upper lim-
it to number of foci of micrometastases to upgrade to macrome-
tastasis based on the sheer volume of tumor deposits? Does this 
actually make a common sense to classify as pN1mi? All the 
other organs in pathology staging would classify this kind of 
scenario as “metastatic carcinoma.” Using the best pathologist’s 
“judgment,” macrometastasis may be best for this case although 
by strict criteria, it is pN1mi.

2. Multiple discontinuous foci of metastatic carcinoma as seen 
in Fig. 3. The entire area will be classified as micrometastasis 
but one of the longest contiguous areas will be classified as ITC. 
Counting the number of metastatic carcinoma may be < 200 
cells. Is this micrometastasis (pN1mi) or ITC [pN0(i+)]? How 
should we best judge?

3. Metastatic carcinoma seen in axillary adipose or fibrous tis-
sue without any residual and apparent lymph node structure. 
Should this be counted as positive lymph node or a carcinoma 
arising in axillary breast tissue? Based on the 6th edition, can-
cerous nodules in the axillary fat without evidence of residual 
lymph node tissue should be classified as positive axillary lymph 
nodes. But what if these cancerous nodules in the axilla are can-

Fig. 1. Keratin immunohistochemical stain. Multiple discontinuous 
foci of keratin positive metastatic tumor deposits are noted. The larg-
est cluster seen on the lower left corner is < 2 mm. Is this macrome-
tastasis or micrometastasis? The American Joint Committee of Can-
cer (AJCC) staging criteria states that we should not add these non-
contiguous metastatic foci but shouldn’t there be an upper limit to 
number of foci of micrometastases to upgrade to macrometastasis 
based on the sheer volume of tumor deposits? Does this actually 
make common sense to classify as pN1mi as the criteria written in 
the 7th edition AJCC? All the other organs in pathological N staging 
would classify this kind of scenario as “metastatic carcinoma.”

Fig. 2. Keratin immunohistochemical stain. Most pathologists would 
classify this image as macrometastatic lymph node but technically 
each cluster or group of cells are not touching each other in a conflu-
ent or contiguously, and therefore, each cluster should be considered 
independent and measured independently.
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cer cells from the axillary breast tissue? Should it be classified as 
extensive extracapsular extension? Many pathologists do not 
classify cancerous nodules in axilla without apparent lymph node 
structure as lymph node metastasis (unpublished personal ob-
servation). The dimension of the tumor from this scenario may 
end up in T-stage rather than in N-stage. See Fig. 4. 

4. When there is pericapsular lymph-vascular invasion (LVI) 
in which tumor cells are not in the parenchyma or subcapsular 
part of lymph node, is that considered metastatic or LVI? Deep-
er sections still did not show intracapsular or intraparenchymal 
involvement. Anecdotally, this kind of the case was sent out to 
other breast pathology experts and came back with different 
opinions; some considered metastatic carcinoma pN0(i+) or 
pN1mi depending on the size of the largest contiguous dimen-
sion of metastatic focus and some just LVI. See Figs. 5 and 6. 
Based on CAP guidelines, capsular LVI is considered metastatic 
carcinoma and the largest dimension is measured as the size of 
metastasis. However the 7th edition AJCC does not specify this 
scenario. 

5. When most of the metastatic carcinoma is seen outside the 
lymph node capsule (in this case by metastatic lobular carcino-
ma) with only one ITC within the lymph node parenchyma, is 
it considered extracapsular invasion with ITC or is it microme-
tastasis based on the total number of cells of > 200 or > 0.2 
mm? See Figs. 7 and 8. Should the extracapsular extension be 
included as a maximum linear dimension of metastasis? 

6. Matted lymph nodes with metastatic carcinoma; how 
should we count? One matted lymph node or identifiable appar-

ent lymph nodes involved with metastatic tumor? This may al-
ter pN1a or above in some cases.

7. Invasive lobular carcinoma often has loss of E-cadherin 

Fig. 3. Keratin immunohistochemical stain. Multiple discontinuous 
foci of metastatic carcinoma each cluster measuring no larger than 
0.2 mm and fewer than 200 cells. Is this micrometastasis (pN1mi) 
or isolated tumor cells [pN0(i+)]? There is even extracapsular inva-
sion seen on the upper left corner.

Fig. 4. Low grade invasive tumor is seen from axillary fat without 
adjacent residual and apparent lymph node structure. Should this 
be counted as positive lymph node or a carcinoma arising in axillary 
breast tissue? Based on the 6th edition, cancerous nodules in the 
axillary fat without evidence of residual lymph node tissue should be 
classified as positive axillary lymph nodes. There is no normal breast 
tissue or ductal carcinoma in situ around this tumor. Is this axillary 
breast tissue with carcinoma, totally effaced lymph node with meta-
static carcinoma or extensive extracapsular invasion? Many pathol-
ogists do not classify cancerous nodules in axilla as lymph node 
metastases.

Fig. 5. Pericapsular lymph-vascular invasion (LVI) in which tumor 
cells is not seen in the parenchyma or subcapsular part of lymph 
node. Should this be classified as metastatic [either pN0(i+) or pN1mi 
depending on the maximum linear dimension] or LVI? Tumor depos-
its seen in afferent vessel and not intracapsular or intraparenchymal 
involvement is technically LVI, a transient step before metastasis 
into lymph node. Based on College of American Pathologists (CAP) 
guidelines, capsular LVI is considered metastatic carcinoma and the 
largest dimension is measured as the size of metastasis. However 
the 7th edition American Joint Committee of Cancer (AJCC) does 
not specify this scenario. 
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which results in individual cell pattern in both breast and lymph 
node. This scenario was written by Turner et al.30 who reported 
inconsistence in nodal metastases by breast pathologists with 
the initial kappa before the training program was 0.575 and 
post-test was 0.947. We reported that strict adherence of the 
6th edition AJCC criteria will result in down staging N in 
many lobular carcinoma cases.34

The 7th edition AJCC was bit more helpful in this situation 
because one needs to count the number of metastatic cells in 
SLN; if it is less than 200 cells versus over 200 cells for isolated 
tumor cells and micrometastasis respectively. However, the num-
ber 200 cells is arbitrarily chosen without any background pub-
lished research data with clinical follow-up. Although some 
metastatic lobular carcinoma cases have obvious macrometasta-

sis, diffuse single or few cell clusters of infiltrating pattern is typi-
cal for invasive lobular carcinoma metastatic to lymph node (Fig. 9). 
All cases such as this will be classified as pN1mi based on > 200 
cells but why can’t it be macrometastasis? Is there an upper limit 
such as 500 cells or 1,000 cells to qualify as macrometastasis? 

8. For N-stage, if there is stromal desmoplasia or stromal 
proliferation around small volume metastasis, the 6th edition 
AJCC states that the size of the tumor deposit should include 
the stromal reaction. The 7th edition AJCC recognized that 
this distinction is highly subjective. In general, after neoadju-
vant chemotherapy, the classification of lymph nodes should be 
the same as the patients who did not have neoadjuvant chemo-

Fig. 7. Metastatic lobular carcinoma is seen mostly outside the 
lymph node capsule with only one isolated tumor cell within the 
lymph node parenchyma. Should the extracapsular extension in-
cluded as maximum linear dimension of metastasis or is it consid-
ered extracapsular invasion with isolated tumor cells?

Fig. 6. Keratin stain from the same case as Fig. 5. Fig. 8. Keratin stain from the same case as Fig. 7.

Fig. 9. Keratin stain. Dispersed pattern of multiple and numerous 
foci metastatic lobular carcinoma to lymph node is commonly seen. 
If these cells are more than 200 cells or less than 200 cells, then, it is 
classified as micrometastasis (pN1mi) and ITC [pN0(i+)] respectively. 
All cases such as this will be classified as pN1mi based on > 200 
cells but why can’t it be macrometastasis? Is there an upper limit 
such as 500 cells or 1,000 cells to qualify as macrometastasis?
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therapy. Lymph nodes after neoadjuvant chemotherapy more 
frequently show stromal fibrosis without “typical desmoplasia,” 
foamy histiocytes with multinucleated giant cell reaction, elas-
tosis and small clusters of non-confluent residual and viable 
metastatic tumor cells. How should we classified- is this ypN0 
(i+) or ypN1? After all, even small residual metastatic deposits 
after neoadjuvant chemotherapy is probably not true ITC but a 
remnant of macrometastasis prior to therapy and hence, it should 
be classified as pN1. Currently, the AJCC Staging Manual is 
not clear about this scenario and hence, pathologists are stating 
in their report how they measured the size of metastatic deposit 
with a long explanation.

9. Location of metastatic tumor cells whether it is subcapsu-
lar or intraparenchymal is not specified in the 7th edition AJCC, 
however, many European pathologists based on previous UICC 
related publications, tumor cells located within the parenchyma 
measuring even less than 0.2 mm is considered micrometastasis 
and not considered as ITC. Regardless of the location, most of 
American pathologists would consider ITC purely depending 
on the size of metastasis. See Fig. 10.

The above stated scenarios are difficult to resolve and ulti-
mately depends on the pathologists to make appropriate judg-
ments resulting high subjectivity and inconsistence in N-stage. 
Finally, we need to ask ourselves, is this distinction between pN0 
(i+) and pN1mi useful for patient’s prognosis, treatment plans 
and overall survival? For that matter, is macrometastasis differ-
ent in prognosis and overall survival when compared to pN0(i+) 
and pN1mi? Our goal is to determine the significance of these 

findings, albeit that there is difficulty in interobserver reproduc-
ibility among the pathologists. Also we should keep in mind 
that both retrospective and prospective studies in literature 
composed of variability in interpretation of N-stages; pN0(i+), 
pN1mi and pN1a even with the best intention of adhering to 
AJCC criterion. Also the mode of detection of metastatic SLN 
has been different in literature.

CLINICAL SIGNIFICANCE OF  
SENTINEL LYMPH NODE

In 2005, an American Society of Clinical Oncology (ASCO) 
guideline recommendation for SLN biopsy in early-breast cancer 
was published. The recommendation and guideline were based 
on the literature review from one prospective randomized con-
trolled trial, four limited meta-analysis, 69 published single-in-
stitution and multicenter trials. SLN biopsy alone without com-
plete ALND is considered standard of care for SLN negative 
patients. Completion ALND was standard treatment for patients 
who had macro- and micrometastasis in SLN for T1 and T2 tu-
mors. “For large or locally advanced inflammatory breast cancer 
(T3 and T4), ductal carcinoma in situ, when breast-conserving 
surgery is to be done, pregnancy, in the setting of prior non-on-
cologic breast surgery or axillary surgery, and in the presence of 
clinically suspicious axillary lymph node, SLN biopsy was not 
recommended.”35

Survival data on pN0(i+), pN1mi and pN1 showed mixed re-
sults. Survival benefit of preforming ALND after ITC and/or 
micrometastasis in SLN was not clear cut. Some reported an ad-
verse effect on survival and others have shown no effect. Again, 
the mixed results may have been due to the variable definitions 
of micrometastases and ITC in literature and different mode of 
detection. 

Retrospective clinical data

The Surveillance Epidemiology and End Results (SEER) da-
tabase reported that micrometastasis represents a significant 
prognostic marker. Their data consists of 209,720 patient num-
bers between 1992 and 2003 and the 10 year survival among 
pN1, pN1mi and pN0(i+) is 73%, 77%, and 78%, respectively. 
Also, N1mi diagnoses increased from 2.3% to 7%.36

de Boer et al.37 published MIRROR (Micrometastasis and Iso-
lated Tumor Cells: Relevant and Robust Or Rubbish?) study in 
Netherlands which included three cohorts with the median fol-
low-up of 5.1 years: 865 patient with negative regional lymph 
nodes who did not receive adjuvant chemotherapy, 865 patients 

Fig. 10. Keratin stain. Isolated tumor cells are seen (< 200) within the 
parenchyma of the lymph node. Most American pathologists will 
classify this is pN0(i+) but many of European pathologists may clas-
sify this as micrometastasis based on previous International Union 
Against Cancer (UICC) related publications.
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with either ITC or micrometastasis in lymph nodes who did 
not receive adjuvant chemotherapy and 994 with either ITC or 
micrometastasis in lymph nodes who did receive adjuvant che-
motherapy. The authors found ITC or micrometastases in re-
gional lymph nodes were associated with a reduced disease-free 
survival who did not receive adjuvant chemotherapy and those 
who received adjuvant chemotherapy had improved disease-free 
survival rate.37

Pugliese et al.38 studied a total of 954 SLN biopsies consist of 
491 N0(i-), 86 N0(i+), 73 N1mi, 146 N1a, 29 N2a, and 11 
N3a patients with a median follow-up of 45.4 months and found 
no differences in overall survival (OS) and relapse-free survival 
(RFS) between pN0(i-) and pN0(i+) or pN1mi but worse prog-
nosis was noted when the size of the metastases reached the 
pN1a. 

Hansen et al.39 reported no difference in disease-free survival 
and OS with a median follow up of 8 years between pN0, pN0 
(i+) and pN1mi in their study cohort of 790 with patients. Their 
cohort consisted > 90% who had received adjuvant chemother-
apy. Only patients with macrometastasis had a statistical signif-
icant decrease in disease-free survival and OS. 

Bilimoria et al.40 reported a retrospective study from the Na-
tional Cancer Data Base on 97,314 SLN positive patients 
from1998–2006 subdivided into those who had ALND and 
those who did not have ALND had a similar axillary local recur-
rence and 5 year relative survival; 23% macrometastases (pN1) 
and 55% with SLN micrometastases (pN1mi). 

The SEER Database by Yi et al.41 reported a total of 26,986 
composed of 11% pN1 and 33% pN1mi from 1998–2004 had 
no difference in OS at a median follow-up of 50 months.

In addition, there are nine smaller studies comprising a total 
of 1,035 patients with positive SLN without ALND and report-
ed low axillary local recurrence rate, in the range of 0% to 2% at 
28–82 months follow-up.42

Our institution also supported that SLN biopsy alone as ade-
quate intervention in 302 patients with an average clinical fol-
low-up of 24 months.43 Even for the mastectomy cases with pN1 
disease in SLN did not affect OS and RFS between the radiation 
therapy without ALND and complete ALND surgery.44

Prospective clinical data

There are three significant prospective randomized studies rel-
evant to SLN metastasis: the National Surgical Adjuvant Breast 
and Bowel Project (NSABP) trial-32, the American College of 
Surgeons Oncology Group (ACOSOG) trial Z0011, and the In-
ternational Breast Cancer Study Group (IBCSG 23-01).45-47

The NSABP B-32 was a randomized controlled phase 3 trial 
composed of 5,611 patient sample divided into group 1 (SLN 
and ALND) and group 2 (SLN alone if no metastasis SLN with 
ALND if metastatic carcinoma was present in SLN). The adju-
vant chemotherapy and radiation therapy was relatively equally 
divided in between these groups: 85% in group 1 and 84.1% in 
group 2. The clinical follow-up was 95.6 months and the end-
point was overall survival. The authors found no differences in 
OS, disease-free survival and regional control between two 
groups. NSABP B-32 also looked into clinical significance in 
“occult metastasis” comparing pN0, pN0(i+) and pN1mi 
groups and found no difference in overall survival among these 
groups during 5-year follow-up period. The authors concluded 
that additional evaluation including IHC stains and multiple 
levels of SLN are not indicated because a clinical benefit was 
not significant.48,49

The ACOSOG Z0011 trial 2 is a landmark article that changed 
paradigm shifts in 2011. ACOSOG Z0011 is a randomized trial, 
non-inferiority study which suggested that completion ALND 
is not necessary in T1 and T2 breast cancer patients who re-
ceived whole-breast radiation since disease-free survival and re-
currence rates did not appear to differ between the patients who 
had completion ALND versus those who had SLN biopsy alone 
and had up to two positive SLNs. All patients in this study re-
ceived adjuvant radiation therapy. The study consisted of 813 
positive SLN patients randomized to 388 patients who had 
ALND and 425 patients without ALND. Criticisms of ACOSOG 
Z0011 study have been that the case selection was biased toward 
older women, predominantly estrogen receptor (ER) positive 
tumors (younger women with ER negative tumors were under-
represented), lost to follow-up was significant (21% in the com-
plete ALND and 17% in the SLN alone groups) and short clin-
ical follow-up of 6.3 years.

The IBCSG 23-01 was a multicenter randomized phase 3 trial 
in breast cancer size of less or equal to 5 cm, separating pN0(i+) 
and pN1mi without extracapsular invasion of SLN based on 
H&E slide to 464 patients who had ALND and 467 patients 
who did not have ALND with a median follow-up of 5 years. The 
result was similar to the ACOSOG Z0011 trial stating that ALND 
was not necessary since there is no adverse effect on survival.50

Additionally, the European Organization for Research and 
Treatment of Cancer (EORTC) 10981-22023, the After Map-
ping of the Axilla: Radiotherapy or Surgery (AMAROS) which 
is a randomized, multicentric, phase 3 non-inferiority trial also 
supported ACOSOG Z0011 findings that there are no differenc-
es when complete ALND verses axillary radiation therapy from 



http://jpatholtm.org/ http://dx.doi.org/10.4132/jptm.2015.11.23

92     •  Apple SK

positive SLN patients in early breast cancer when the usage of 
chemotherapy, or hormone therapy was factored in. Traditionally 
ALND has been a guide to adjuvant chemotherapy and based 
on this study, the information provided by complete ALND is 
no longer useful.51,52

Another prospective clinical trial study, the POSNOC (Posi-
tive Sentinel Node: Adjuvant Therapy Alone versus Adjuvant 
Therapy Plus Clearance or Axillary Radiotherapy) trial is still 
open and recruiting patients till 3/31/18 in the United King-
dom which is a pragmatic, randomized, multicentric and non-in-
feriority trial for early breast cancer with one or two SLN mac-
rometastases. 

CONCLUSION AND COMMENTARY

The growing body of literature from both retrospective and 
prospective studies advocates conservatism. Completion ALND 
is not providing benefit of OS and disease-free survival in mi-
croscopic metastatic SLN [pN0(i+) and pN1mi]. Even macro-
metastasis in one or two SLN(s) in ACOSOG Z0011 did not 
affect OS. There is mounting evidence to support that SLN bi-
opsy alone can be a standard practice demonstrating its efficacy, 
accuracy in staging and equivalent survival outcome when com-
pared to complete ALND and SLNB alone in T1–T2 breast 
cancer.45,53-57

Recently, Danish Breast Cancer Cooperative Group (DBCG) 
looked into 2,074 patients who had wither ITC or micrometas-
tasis in SLN and found no significant difference in OS and axil-
lary recurrence rate between patients who had completion ALND 
or no ALND. The study add growing literature that it is safe to 
omit ALND in minimal metastatic disease in the SLN.58

From a pathologists’ point of view, we need to ask the follow-
ing questions: Are we reporting small volume metastasis in vain? 
Is separating pN0(i+) or pN1mi really necessary? While most 
of the cases N-staging are straightforward, we do still face am-
biguous cases. When we perform tedious work by counting 
metastatic tumor cells, we want to make sure this work has val-
ue in clinical contribution. The evidence shows that separating 
small volume N-stage or even macrometastasis is not affecting 
clinical management to perform completion ALND or OS in 
early stage breast cancers. Also all other organ systems in the 
same AJCC Staging Manual for colon cancer, gynecologic can-
cer, even melanoma which the technique of SLN was first de-
scribed do not practice as in breast N-staging; there is no pN0 
(i+) or pN1mi. Metastatic carcinoma when seen by either H&E 
or IHC stain slide is called metastatic carcinoma. IHC stain is 

used discretionally by pathologists to confirm the presence of 
metastasis as needed if there is suspicious area by H&E slide. 
Why should breast cancer N-stage be any different from other 
organs?

As we understand that ALND dissection is no longer needed 
or necessary in many early breast cancers, the necessity of per-
forming multiple levels, IHC stain, frozen section and molecu-
lar studies on SLN needs to be revisited. 

Recently the AJCC Executive Committee announced a mid-
2016 publication date for the 8th edition AJCC Cancer Staging 
System during its September 2013 Annual Meeting held in Chi-
cago. The 8th edition will be effective for all cancer cases record-
ed on or after January 1, 2017. Key activities prior to the 2016 
publication data are 1. Analysis of data collected since the 7th 
edition’s release in 2010, 2. Validation of prognostic and predic-
tive factors for incorporation in the staging system and 3. Col-
laboration with the cancer care and surveillance community to 
set the standard to anticipate, communicate, and help incorpo-
rate staging system changes. Breast Expert Panel leaders are 
Gabriel N. Hortobagyi, MD, Breast Medical Oncologist and 
Armando Giuliano, MD, Breast Surgical Oncologist.

As a pathologist, I hope to see the 8th edition AJCC Cancer 
Staging System for N-stage to be clinically relevant with simple 
and practical application without further arbitrary cutoffs to re-
duce subjective interpretation and to enhance agreement between 
both academic and community based pathologists all over the 
world. 
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