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ignificance of Sentinel Lymph Node
icrometastases in Human Breast Cancer

harles E Cox, MD, FACS, John V Kiluk, MD, Adam I Riker, MD, FACS, John M Cox, MD,
athon Allred, BA, Daniel C Ramos, BS, Elisabeth L Dupont, MD, FACS, Vesna Vrcel, MD, Nils Diaz, MD,
avid Boulware, MS

BACKGROUND: The significance of micrometastatic disease in the sentinel lymph nodes (SLN) of patients with
invasive breast cancer has been questioned. The objective of our study was to review the impact
of micrometastatic carcinoma detected by SLN biopsy.

STUDY DESIGN: Between January 1997 and May 2004, 2,408 patients with invasive breast cancer and an SLN
with micrometastatic (N0[i�], N1mi) or no metastatic (N0[i�]) disease were identified
through our breast database. Slide review was performed and reclassified by the 6th edition of the
American Joint Committee on Cancer Staging Manual. Of these, 27 were excluded from analysis
because of evidence of macrometastatic disease on slide review or enrollment in the American
College of Surgeons Oncology Group Z10 study.

RESULTS: Of 2,381 patients, 2,108 were N0(i�), 151 were N0(i�), and 122 were N1mi. Overall and
disease-free survivals of patients with an N1mi SLN were substantially worse than those in
patients with an N0(i�) SLN (p � 0.001 and p � 0.006, respectively). Additional positive
non-SLNs were identified in 15.5% (15 of 97) of N1mi patients and 9.3% (10 of 107) of
N0(i�) patients undergoing completion axillary lymph node dissection. Overall survival of the
N0(i�) SLN patients not undergoing axillary dissection was substantially less than those
undergoing axillary dissection (p � 0.02).

CONCLUSIONS: Detection of micrometastatic carcinoma (N1mi) in the SLNs of invasive breast cancer patients
is a major indicator of poorer survival compared with N0(i�) patients. Although survival of
patients with an N0(i�) SLN does not statistically differ from that of N0(i�) patients, 9.3% of
these patients had additional axillary nodal disease on axillary dissection, and N0(i�) patients
had a decreased survival when axillary dissection was omitted. (J Am Coll Surg 2008;206:

261–268. © 2008 by the American College of Surgeons)
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entinel lymph node (SLN) mapping for breast cancer has
ecome the primary way to accurately assess nodal metas-
asis. The sensitivity of this technique is greatly enhanced
ith the use of cytokeratin immunohistochemical staining

CK-IHC). A histologically negative SLN evaluated with
K-IHC stains predicts a negligible risk of finding a posi-

ive non-SLN (false negative assessment), as validated by
urner and colleagues.1 Our initial experience of 120 pa-
ients undergoing SLN biopsy with hematoxylin and eosin
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H&E) and cytokeratin staining, followed by mandatory
ompletion axillary dissection, had one false negative case.2

arly studies with short-term (2 to 3 years) followup re-
orted a 0% to 0.25% incidence of axillary recurrences in
atients with CK-IHC–negative pathologic findings of the
LN.3-5 These findings clearly support the notion that a
K-IHC–negative SLN accurately reflects the negative sta-

us of the remaining nodal basin.
Prospective trials are currently underway to define the

linical significance of micrometastatic disease within
LNs. The American College of Surgeons Oncology
roup Z0010 trial and the National Surgical Adjuvant
owel and Breast Project B32 trial have recently completed
ccrual. These studies were designed to settle the debate
bout the utility of CK-IHC staining. Previous trials have
emonstrated an improved overall sensitivity in identifying
n SLN with very small amounts of disease.1,6,7 So, identi-

ication of submicroscopic amounts of disease within the
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LN has become a diagnostic dilemma in terms of how to
anage such patients, both surgically and medically.
The American Joint Committee on Cancer (AJCC)

taging system has been modified to accommodate the fact
hat most breast surgeons throughout the US requested
hat CK-IHC staining be performed on their patients to
ind such isolated tumor cells, defined as single cells or
mall groups of cells with a maximal diameter of 0.2 mm.
he modified classification now reflects this nodal status as
0(i�), meaning the node is considered negative by stan-

ard H&E examination, but positive by CK-IHC staining.
ecause this classification was added years after the begin-
ing of the SLN mapping era, previous pathology reports
id not differentiate between N0 and N0(i�) nodal dis-
ase. Additionally, micrometastatic disease within an SLN
as also redefined as firmly identified on H&E staining,
easuring between 0.2 and 2 mm in diameter. Such nodes

re designated as pN1mi to distinguish them from more
raditional, H&E-positive macrometastases, or N1 disease.

There are two major issues surrounding the significance
f CK-IHC–positive SLNs. The first is whether the sur-
eon should perform a completion axillary lymph node
issection in the face of CK-IHC disease. It has been noted
hat the presence of CK-IHC stained cells, whether indi-
ating N0(i�) or N1mi disease within the SLN, is associ-
ted with a 4% to 20% chance of additional H&E-positive
on-SLNs within the remaining axillary basin.6,8-15 So, if a
omplete axillary lymph node dissection is not performed,
here remains a 4% to 20% chance of understaging the
atient because of non-SLN disease being present within
he remaining nodal basin.

The second issue, whether micrometastatic disease within
he SLN is clinically significant to the patient’s disease-free
r overall survival, is still controversial. This particular issue
as been addressed by several investigators.16-20 Previous
tudies have retrospectively analyzed patients found to be
athologically node negative, examining the paraffin-
mbedded blocks with CK-IHC and finding no difference
n survival in patients with evidence of CK-IHC disease
nly.17-19 But because these patients had already undergone
complete axillary lymph node dissection, patients with
1 disease were excluded from the analysis. So it is still

ontroversial as to whether such information can be used
y the clinician to inform treatment decisions and addi-

Abbreviations and Acronyms

CK-IHC � cytokeratin immunohistochemical staining
H&E � hematoxylin and eosin
SLN � sentinel lymph node
ional surgical intervention. The chance of finding addi- d
ional disease within non-SLNs on completion axillary
ymph node dissection is as high as 20%, subsequently
esulting in the upstaging of such patients to N1 disease.

This study represents one of the largest to date in terms
f total number of SLNs examined in a prospective fashion,
ocusing on the detailed microscopic analysis of SLNs from
atients with breast cancer. All derived SLNs underwent a
rospective, standardized pathologic evaluation with both
outine H&E and CK-IHC analysis. The overall objective
f this study was to analyze the clinical significance of CK-
HC disease within the SLNs of breast cancer patients
hrough the prospective use of CK-IHC staining. Second,
as to define the role of complete axillary dissection in the
atients with CK-IHC (�) disease only (N0[i�] and
1mi) nodal disease.

ETHODS
n Institutional Review Board-approved Health Insurance
ortability and Accountability Act (HIPAA)-compliant
reast cancer database and electronic health record (IRB#
02554) prospectively accrued 3,874 patients undergoing
,137 SLN biopsies for invasive breast cancers between
anuary 1997 and May 2004. Under separate IRB approval
IRB# 100461), this database was queried for invasive breast
ancer patients with pathology reports showing either micro-
etastatic (N0[i�] or N1mi) or no metastatic disease N0(i�)

n SLN biopsy, all of which had undergone CK-IHC evalu-
tion. There were 2,408 patients identified who fulfilled this
equirement. Routine pathologic evaluation included intraop-
rative imprint cytology of nodes; then nodes were sectioned
nto 2-mm sections, placed sequentially in cassettes, embed-
ed in paraffin, faced, cut, and stained with H&E. Cuts were
ade at 50 �m and 100 �m, stained for CK-IHC (CAM 5.2,
ecton Dickinson), and, as a control for the IHC stains, coun-

erstained with hematoxylin.
All patients with an initial diagnosis of micrometastatic

arcinoma had their original H&E and CK-IHC (cytoker-
tin) slides reanalyzed by two surgical pathologists (VV and
D). The final staging classification was reclassified ac-

ording to the sixth edition of the AJCC Cancer Staging
anual. Six patients were removed from the study because

hey had occult macrometastases on SLN biopsy. Twenty-
ne patients were excluded because they were previously
ncluded in the American College of Surgeons Oncology
roup Z-10 trial, in which the CK-IHC analysis was
linded. Tumor deposits � 0.2 mm but � 2 mm were
lassified as N1mi. Patients with SLNs having isolated tu-
or cells � 0.2 mm were classified as N0(i�). SLNs with

o epithelial cells on either H&E or immunostaining were
lassified as N0(i�). Patients who had followup axillary

issections for N0(i�) or N1mi disease had all slides from
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he completion axillary node dissection reviewed by a sin-
le surgical pathologist (VV) to ensure accurate measure-
ent of subsequent metastases. Additional non-SLNs were

valuated by bivalving the lymph node and staining with
&E. Followup data were obtained from our IRB-

pproved (IRB #102554) breast cancer database. To im-
rove the accuracy of survival data for all patients, our
atabase was checked by the Social Security Death Index
n-line database (http://ssdi.rootsweb.com).

Kaplan-Meier survival curves for disease-free and overall
urvival were generated for various groups of patients. The
og-rank test was used to compare survival of groups based
n final SLN staging. For comparing clinical and demo-
raphic features of the patients within each group, the chi-
quare test and Fisher’s exact test were used. The Van der

aerden two-sample test was used for continuous features.
tatistical significance was set at the 0.05 level for all tests,
nd SAS software was used to perform all analyses.

ESULTS
atient comparison
total of 2,381 patients underwent SLN biopsy, forming

he basis of the study; 2,108 (88.5%) were N0(i�), 122
5%) were N1mi, and 151 (6%) were N0(i�). Table 1
utlines the characteristics of each of these groups. Com-
aring the N1mi group with the N0(i�) group, statisti-
ally significant differences were seen in the larger tumor
ize group (p � 0.001), and with the presence of lympho-
ascular invasion (p � 0.001). More patients were also
ound to have received previous chemotherapy (p � 0.001)
ithin the N1mi group. A comparison of the N0(i�) and
0(i�) groups found a statistically significant difference

ased on tumor size (p � 0.001), lymphovascular invasion
p � 0.001), and the percentage treated with chemother-

able 1. Patient Group Comparison (n � 2,381)

atients n
Median age
(range), y

Median tumor
size (range), cm

Histologic
type, %

1mi 122 56 (26–90) 1.5 (0.2, 5.3) Ductal, 76
Lobular, 11
Mixed, 11
Other, 2

0(i�) 151 57 (33–86) 1.5 (0.2–6.5) Ductal, 76
Lobular, 17
Mixed, 3
Other, 4

0(i�) 2,108 60 (20–94) 1.3 (0.01–8.5) Ductal, 79
Lobular, 9
Mixed, 7
Other, 5

0(i�) versus N0(i�)
p value 0.10 �0.001 0.004

0(i�) versus N1Mi
p value 0.07 �0.001 0.23

est Van der Waerden Van der Waerden Chi-square
py (p � 0.001). In addition, statistically significant dif- t
erences were noted in the histology (p � 0.004) and grade
p � 0.05) of the tumors between the N0(i�) and N0(i�)
roups. Totals of 79.5% (97 of 122) of N1mi patients and
0.9% (107 of 151) of N0i� patients went on to receive
completion axillary lymph node dissection. Reasons

or not undergoing axillary dissection were not always evident
n the clinical notes, but the only statistically significant dif-
erences in comparing those who did and did not receive ax-
llary dissection included tumor histology in the N1mi pa-
ients and followup times in the N0(i�) patients (Tables 2, 3).

urvival in patients with micrometastatic disease
n sentinel lymph node biopsy
verall and disease-free survivals for patients with N1mi (�)

LNs differed substantially from patients with N0(i�) SLNs
p � 0.0007 and p � 0.006, respectively; Figs. 1, 2). Overall
nd disease-free survivals of patients with N0(i�) SLNs were
ot notably different from those of patients with N0(i�)
LNs (p � 0.99 and p � 0.48, respectively; Figs. 1, 2).

rediction of additional axillary disease in patients
ith micrometastatic disease within the sentinel

ymph nodes
dditional positive non-SLNs were subsequently identi-

ied in 15.5% (15 of 97) of N1mi patients and 9.3% (10 of
07) of N0(i�) patients undergoing axillary dissection.
he additional nodes were macrometastatic (N1) in 93%

14 of 15) of N1mi patients and 90% (9 of 10) of N0i�
atients. Two patients had N1mi non-SLNs detected by
&E after undergoing axillary dissection. In this series, the

roportion of patients with additional positive non-SLNs
n completion axillary dissection generally increased with

ade, %
Lympho vascular

invasion present, %
Treated with

chemotherapy, %
Treated with
hormones, %

Median followup
(range), y

1, 22
2, 46
3, 25
own, 7

58 48 35 1.5 (0–7)

1, 26
2, 40
3, 22
nown, 12

51 42 45 2.0 (0–9)

1, 26
2, 40
3, 28
nown, 6

4 22 39 2.1 (0–9)

0.05 �0.001 �0.001 0.17

0.48 �0.001 �0.001 0.36

square Chi-square Chi-square Chi-square
Gr

Unkn

Unk

Unk
umor size (Figs. 3, 4).

http://ssdi.rootsweb.com
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urvival with and without completion nodal
issection for patients with micrometastatic
isease on sentinel lymph node biopsy
verall survival of the N0(i�) SLN patients who did not

eceive a complete axillary lymph node dissection was sub-
tantially worse than that of those undergoing axillary dis-
ection (p � 0.02; Fig. 5). Overall survival of the N1mi
LN patients did not differ substantially between those
ho did and did not receive an axillary dissection

p � 0.47; Fig. 6).

ocal axillary recurrence rates without complete
xillary nodal dissection
here was 1 local axillary recurrence in the 44 N0(i�)
atients (2.27%) who did not receive an axillary dissection.
his compares with 6 local axillary recurrences in 2,109
0(i�) patients (0.28%). This difference was not statisti-

ally significant (p � 0.13 using Fisher’s exact test). To
ate, there have been no axillary recurrences in the 25
atients with N1mi disease who did not receive a complete
xillary dissection.

ISCUSSION
he clinical significance of micrometastatic disease found
n SLN biopsy in patients with breast cancer remains con-
roversial. Gershenwald and colleagues21 demonstrated
hat 10 of 243 patients with melanoma (4.1%) went on to

able 3. Comparison of N1mi Sentinel Lymph Node Patient

atients n
Median

age (range), y
Median tumor

size (range), cm
Histologic

type, %

AND 197 56 (26–84) 1.5 (0.2–5.3) Ductal, 76
Lobular, 9
Mixed, 13
Other, 1

o CAND 25 59 (34–90) 1.5 (0.8–3.5) Ductal, 76
Lobular, 16
Mixed, 0
Other, 8

AND vs no CAND
p value 0.08 0.51 0.03

est Van der Waerden Van der Waerden Fisher’s exact

able 2. Comparison of N0(i�) Sentinel Lymph Node Patien
Median age
(range), y

Median tumor
size (range), cm

Histologic
type, % Grade, %

07 57 (33–86) 1.5 (0.3–6.5) Ductal, 76
Lobular, 18
Mixed, 3
Other, 4

1, 29
2, 40
3, 20

Unknown,

44 57 (38–86) 1.5 (0.2–6.0) Ductal, 75
Lobular, 16
Mixed, 4.5
Other, 4.5

1, 20
2, 39
3, 27

Unknown,

value 0.35 0.69 0.94 0.60

est Van der Waerden Van der Waerden Chi-square Chi-square
AND, completion axillary nodal dissection.
xperience a locoregional or distant metastatic recurrence
ithin 18 months when found to be histologically negative
y H&E alone. Using the application of IHC analysis of
LNs with specific antibodies such as S-100, HMB-45,
nd MELAN-A, 8 of 10 patients (80%) were found to have
icrometastatic disease on a more detailed analysis of the

LNs. With this knowledge in melanoma patients, the util-
ty of CK-IHC has been applied to patients with breast
ancer through the thorough analysis of SLNs with CK-
HC. Indeed, it became necessary to avoid false negative
ssessment of the nodal basin for which, unlike in mela-
oma, completion axillary node dissection in breast cancer
anagement was the standard of care.
Examining SLNs with CK-IHC stains results in accurate

rediction of the status of the remaining nodal basin, with
consistent false negative rate of 2%.1,2 Although SLN

echnology is a highly marked predictor of the remaining
xillary basin when the SLN is CK-IHC negative, a CK-
HC (�) SLN predicts the potential for major remaining
odal disease. In this study, we found additional H&E (�)
isease within non-SLNs in 15.5% of patients with N1mi
LN disease and 9.3% of N0(i�) SLN patients. For these
atients, the chance of finding additional positive nodes gen-
rally increased with tumor size. Although this was a retrospec-
ive study, and reasons for performing an axillary dissection
ere not always available, our results for finding additional
xillary disease are similar to previous published data.6,8-15

Completion Axillary Nodal Dissection (n � 122)

e, %
Lympho vascular

invasion present, %
Treated with

chemotherapy, %
Treated with
hormones, %

Median followup
(range), y

23
46
26
wn, 5

55 52 64 1.5 (0–7)

20
48
28
wn, 4

68 36 32 1.7 (0–7)

.0 0.25 0.16 0.70 0.24

s exact Chi-square Chi-square Chi-square Van der Waerden

y Completion Axillary Nodal Dissection (n � 151)
Lympho vascular

invasion present, %
Treated with

chemotherapy, %
Treated with
hormones, %

Median followup
(range), y

52 42 49 2.1 (0–9)

48 41 36 1.6 (0–8)

0.61 0.90 0.17 0.04

Chi-square Chi-square Chi-square Van der Waerden
s by

Grad

1,
2,
3,

Unkno

1,
2,
3,

Unkno

1

Fisher’
ts b

11

14
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The detection of micrometastatic carcinoma (N1mi) in
he SLNs of patients with invasive breast cancer is a major
redictor of overall survival. Not surprisingly, these pa-
ients were treated more aggressively compared with pa-
ients with N0(i�) disease, with the former receiving rec-
mmendations for completion lymph node dissection and
djuvant chemotherapy. Although nodal tumor clusters of

0.2 mm may not in themselves be major detriments to
atient survival, it is clear that when such disease is found

igure 1. Overall survival comparisons between invasive breast
ancer patients with N1mi sentinel lymph nodes (SLN), N0(i�) SLN,
nd N0(i�) SLN.

igure 3. Breakdown of patients with N1mi disease on sentinel

aymph node (SLN) biopsy.
ithin the SLN, it is predictive of the possible existence of
dditionally positive nodal disease within the remaining nodal
asin, as identified by H&E in 9.3% of patients. At first
lance, it appears counterintuitive to see a survival difference
ecause of axillary dissection noted in the N0(i�) group and
ot in the N1mi group because it seems that patients with less
isease within the nodes responded better with more aggres-
ive surgical treatment.The survival difference may be an issue
f the overall small numbers of patients analyzed and would
eed to be confirmed in larger, prospective studies.
It is possible that patients with N0(i�) disease are being

nderstaged and possibly undertreated as a result. A sur-
ival difference was not noticed in the N1mi group, possi-
ly because these patients are treated more aggressively, as
itnessed by the fact that only 25 of 122 patients did not

eceive axillary dissections and more patients with N1mi
LN received chemotherapy (48% to 42%, p � 0.27). In
ddition, the N0(i�) subset had greater overall statistical
ower because 44 patients did not receive an axillary dis-
ection. Interestingly, there was 1 local axillary recurrence
n the 44 N0(i�) patients who did not receive an axillary
issection. This approximates a 10-fold increase in local
ecurrence when compared with N0(i�) patients (2.27%
ersus 0.28%), but it is not statistically significant (p �
.13). Although the numbers of patients in the N0(i�)
roup were quite small, the question remains as to the
dequacy of locoregional control by avoiding a completion
xillary node dissection in this at-risk group of patients.

In reviewing our data, the only subset of patients that
ould possibly safely avoid axillary dissection after a finding
f micrometastatic disease on SLN biopsy would be pa-
ients with T1a and T1b tumors and N0(i�) disease. This
roup of patients had only 1 incident of additional positive
on-SLN in 31 axillary dissections. But the finding of im-
roved survival of N0(i�) patients undergoing axillary dis-
ection demonstrated by our data would suggest caution if

igure 2. Disease-free survival comparisons between invasive
reast cancer patients with N1mi sentinel lymph nodes (SLN),
0(i�) SLN, and N0(i�) SLN.
xillary dissection was omitted in this subset.



n
a
m
a
v
t
b
e
l
a

p
t
c
n
p
a
f
r
p
2
t
t
t
s
c
i
i
s
a
a
c

S
t
r
n
i
c
m
w
b
s
c
t
c
o
h

F
l

F
p
(

F
p
(

266 Cox et al Breast Micrometastases in Sentinel Lymph Nodes J Am Coll Surg
Advocates opposed to performing a completion lymph
ode dissection in the face of N0(i�) disease point out the
dditional morbidity involved with this procedure. Other
odalities, such as adjuvant radiation and chemotherapy,

re often discussed. Such alternatives not only fail to pro-
ide similar local control of disease, but are not without
heir own associated adverse side effects and risks.The mor-
idity of a complete axillary lymph node dissection is well
stablished, with the known complication of chronic
ymphedema ranging from 10% to 37%.22-26 The use of
xillary radiation as single treatment modality has a re-

igure 4. Breakdown of patients with N0(i�) disease on sentinel
ymph node (SLN) biopsy.

igure 6. Overall survival of the N1mi sentinel lymph node (SLN)
atients with and without completion axillary nodal dissection
rCAND).
orted lymphedema rate of approximately 10%.27,28 In
erms of local control, Louis-Sylvestre and associates28

ompared adjuvant axillary radiation to clinically node
egative patients to axillary dissection in more than 600
atients with a mean followup of 15 years. When radi-
tion was given in absence of an axillary dissection, they
ound a statistically significant increase in local recur-
ences (p � 0.04). With regard to chemotherapy, com-
lete pathologic response has been noted in the axilla in
3% to 27% of patients undergoing neoadjuvant chemo-
herapy, incompletely eliminating disease from the axilla in
he majority of patients.29,30 Last, the use of axillary radia-
ion and systemic adjuvant chemotherapy fails to offer any
taging information, as opposed to that obtained from a
omplete axillary lymph node dissection, which, in most
nstances, provides the most detailed information regard-
ng the accurate staging of breast cancer patients. Such
taging information is critical in discussing adjuvant ther-
py decisions for patients, affecting and changing the man-
gement decisions in up to 12% of patients who undergo
ompletion axillary lymph node dissection.20

In conclusion, thorough and detailed evaluation of the
LN with H&E and CK-IHC staining allows the surgeon
o accurately stage the nodal basin, identifying patients
equiring a completion axillary lymph node dissection. Fi-
al staging for patients with an N0(i�) SLN can be defin-

tive based on SLN biopsy alone. But final staging of breast
ancer cannot reliably be determined after the finding of
icrometastatic disease in a SLN. Final staging for patients
ith N0(i�) or N1mi disease on SLN biopsy should be
ased on the findings from a complete axillary nodal dis-
ection instead. Corollary to this fact is that retrospective
ooperative group trials that base staging on axillary dissec-
ion specimens demonstrating N1mi or N0(i�) disease
annot be extrapolated to N1mi and N0(i�) disease seen
n SLN biopsy. It is important to realize that the natural
istory and clinical course of breast cancer is variable, often

igure 5. Overall survival of N0(i�) sentinel lymph node (SLN)
atients with and without completion axillary nodal dissection
CAND).
emaining indolent for many years, only to recur years later
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fter the initial diagnosis. We must always be critical of new
echnologic advancements, erring on the side of the patient
ith regard to applying such technologies to clinical deci-

ion making. A noncompromising position for performing
completion axillary lymph node dissection assures the

afety of the patient by surgically achieving maximal local
ontrol. It will also greatly reduce the longterm morbidity
or those who would eventually suffer recurrence in the
xillary basin, providing the benefits of accurate staging
nd a subsequent decision concerning adjuvant chemo-
herapy. The results of this study may certainly herald the
inal clinical outcomes of the American College of Sur-
eons Oncology Group Z-10 trial. In the meantime, we
ecommend that patients with breast cancer, who are found
o have N0(i�) and N1mi disease within the SLN, should
ubsequently be offered a complete axillary lymph node
issection.
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