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Abstract
Background The precise stage of lymph node (LN) metastasis is a strong prognostic factor in breast
cancer, and sentinel lymph node (SLN) is the first station of nodal metastasis, whereas the clinical value
of extranodal extension (ENE) in SLN are still in exploration.
Objective Our study aimed to evaluate the predictive and prognostic values of ENE in SLN and to
investigate the feasibility of ENE to predict non-SLN metastasis, disease free survival (DFS) and overall
survival (OS) in clinical practice.
Methods 183 cases of primary invasive breast cancer (cT1-2N0 breast cancer with 1-2 positive SLNs)
underwent SLN biopsy and axillary lymph node dissection (ALND) between 2008 and 2015 were
extracted from the pathology database of Fudan University Shanghai Cancer Center. Sections were
reviewed for the microscopic features of SLN, including the number and pattern of SLN metastasis, SLNs
positive ratio, nodal vascular invasion (NVI), and ENE. The associations between tumor features including
ENE and non-SLN metastasis, DFS and OS were analyzed. Moreover, ENE was subclassified into
circumferential (CD-ENE) and perpendicular (PD-ENE) and set a threshold as 2mm or 3mm to evaluate
the prognostic value of ENE.
Results 73/183 (39.9 %) cases were positive for ENE in SLN. Logistic regression analysis indicated that
ENE, the number and pattern of SLN involvement, SLN positive ratio, and NVI were significantly
associated with the presence of non-SLN metastasis in univariate analysis. ENE, higher number of SLN
involvement, SLN macrometastasis, and NVI were significantly associated with a higher rate of non-SLN
metastasis in multivariate analysis. Cox regression analysis showed ENE in SLN was associated with
DFS and OS in univariable analysis, but not in multivariable analysis. Whereas the size of ENE (CD-ENE
and PD-ENE) subdivided by 3mm (or 2mm) cutoff values were not found as strongly prognostic factors
of DFS and OS as well.
Conclusions Our study indicated that ENE in SLN was a predictor for non-SLN metastasis in breast
cancers, patients with ENE in SLN had a higher rate of non-SLN metastasis. ENE in SLN was associated
with DFS and OS in univariable analysis, but not in multivariable analysis. The size of ENE (CD-ENE and
PD-ENE) which was classified by a 3mm (or 2mm) cutoff value had no significant prognostic values in
this study. The prognostic value of ENE in SLN and the cutoff values of ENE in SLN in breast cancers
need further investigation.

Introduction
Sentinel lymph node (SLN) is the first station of nodal metastasis [1, 2]. SLN biopsy (SLNB) could
accurately predict axillary lymph node status and has been established as standard treatment in patients
with clinically negative lymph nodes (cN0) breast cancers [3-5]. In 2010, the results of American College of
Surgeons Oncology Group (ACOSOG) Z0011 trial indicated that patients with limited disease burden on
SLN (even 1-2 macrometastasis) without ALND could obtain excellent regional control, and SLNB may be
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reasonable management for selected patients with early-stage (clinical T1N0 or T2N0) breast cancer
treated with breast conserving surgery, radiotherapy and adjuvant systemic therapy[6]. Based on these
results, American Society of Clinical Oncology Clinical Practice Guideline and National Comprehensive
Cancer Network (NCCN) recommends that women who meet the Z0011 criteria may not undergo ALND [7,
8].

Thus, increasing number of patients are omitting ALND in favor of SLNB can avoid the underlying

morbidity of ALND [9-11].However, a subset of patients with limited disease burden on SLN may have
relatively high aggressive behavior and poor survival after SLNB. Thus, it is important to explore the poor
prognostic factors in breast cancers with SLNs involvement.
Extranodal extension (ENE), which defined as extension of neoplastic cells through the lymph nodal
capsule into the peri-nodal adipose tissue, has emerged as an important prognostic factor in several
types of malignancies [12-19]. Several studies suggested that the presence and extent of ENE in SLN were
significantly correlated with non-SLN metastasis and the number of involved lymph nodes in breast
cancers [20-25]. However, few studies have focused on the prognosis value of ENE in SLN. The clinical
significance of ENE in SLN in breast cancers is still in exploration.
The study aimed to establish the pathological assessment of ENE in positive SLN and to evaluate the
clinical significance of ENE in SLN involved breast cancers, including its association with non-SLN
metastasis, disease free survival (DFS) and overall survival (OS).

Methods
183 consecutive patients with primary invasive breast cancers (cT1-2N0 breast cancer with 1–2 positive
SLNs) who underwent SLN biopsy and ALND at Fudan University Shanghai Cancer Center from 2008 to
2015 were analyzed. Patients with incomplete clinical information, recurrence /metastasis at diagnosis,
previous axillary surgery, or received neoadjuvant chemotherapy were excluded. Informed consent was
obtained from all patients. All cases were invasive ductal carcinoma (invasive carcinoma of no special
type, NST). The SLN was identified using 1% isosulfan blue dye and 99mTc-labeled sulfur colloid. SLN
biopsy was performed as lymph nodes that demonstrated blue dye uptake, radiotracer uptake, or both.
Imprint cytology of SLN was performed during operation. Each SLN was serially cut to tissue blocks
along the short axis at 2 mm intervals and imprint was performed on both sides of each tissue block.
Those patients with metastatic tumor cells on imprint slice received additional ALND. Final diagnosis of
SLN was performed on paraffin-embedded tissues. All tissue blocks of SLN were fixed in formalin,
embedded in paraffin, and examined using hematoxylin and eosin (H&E) staining with serial section. The
pattern of metastasis (micrometastasis or macrometastasis) was analyzed. If SLN macrometastasis was
recognized on paraffin-embedded slices in patients with negative results of imprint cytology, these
patients received additional ALND. Non-SLNs were evaluated using H&E staining.

Results
Clinicopathological features of patients
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The clinicopathological characteristics of 183 primary invasive carcinomas were listed in Table 1. All
patients were female. The median age was 49.4 years, ranging from 27 to 78 years. 51.9% of patients
(95/183,) had a limited tumor size (no more than 2cm), and 62.3% (114/183) of the patients had one
positive SLN. The majority of cases (74.9%) had macrometastass in SLN. The median number of SLN
biopsied was 2.7 (1-5) and the median SLN positive ratio was 0. 56 (0.1-1). 73/183 (39.9 %) cases were
positive for ENE in SLN. The size of ENE varied between ENE positive cases. The median of CD-ENE was
3mm (varied between 0.1–10 mm), while the median of PD-ENE was 2mm (ranged from 0.1 to 7.0 mm)
(Fig 1). Among other nodal features, most patients (138/183, 75.4%) had no more than 3 total LN
involvements, and 66.7% (122/183) of the patients had no NVI in SLN. Among the clinicopathological
characteristics examined in this cohort, ENE in SLN was associated with higher N stage, the number of
SLN biopsied, the number and pattern of SLN metastasis, SLN positive ratio and NVI (Table 1).
The associations between tumor characteristics including ENE in SLN and non-SLN metastasis
In the 73 patients with ENE in SLN, 59 (80.8%) had additional non-SLN metastasis, comparing with
23/110 (20.9 %) patients without ENE in SLN (P < 0.001). Univariate analysis indicated that ENE, the
number and pattern of SLN involvement, SLN positive ratio, and NVI were significantly associated with
the presence of non-SLN metastasis (Table 2). Multivariate analysis including predictive factors indicated
that ENE, higher number of SLN involvement, SLN macrometastasis, and NVI were significantly
associated with a higher rate of non-SLN metastasis (Table 2).
The associations between tumor characteristics including ENE in SLN and long-term survival
Survival data were available for all patients in this cohort. Over a median follow-up of 62.2 months (range
8–136), 32 patients (17.5%) had local and/or distant recurrence, and 12 patients (6.6%) died during this
follow-up period. The DFS and OS of patients with SLN involvement classified according to the number
of SLN biopsied (Figs. 2a, 3a), the number of SLN involvement (Figs. 2b, 3b), the pattern of SLN
metastases(Figs. 2c, 3c), SLN positive ratio (Figs. 2d, 3d), ENE (Figs. 2e, 3e), CD-ENE (Figs. 2f, 3f), PD-ENE
(Figs. 2g, 3g), NVI (Figs. 2h, 3h) were illustrated graphically.
Cox proportional hazards regression analyses were performed to evaluate the prognostic value of tumor
features (Table 3). It showed that ENE, NVI, and histological grade were significantly associated with DFS
in univariable analysis. Multivariable analysis including prognostic variables confirmed that histological
grade and NVI had strongly prognostic values for DFS, while ENE in SLN was not an independent
predictor of DFS. Similarly, ENE, tumor size, histological grade, N stage, and NVI were found significantly
correlated with OS in univariable analysis, whereas ENE and other tumor features except tumor size and
histological grade were not independent factors for OS in multivariable analysis. Moreover, survival
analysis indicated that the size of ENE which subdivided as CD-ENE (≤3mm vs ＞3mm) and PD-ENE
(≤2mm vs ＞2mm), were significantly associated with DFS and OS in univariable analysis, but were not
found as strongly prognostic factors of DFS and OS in multivariable analysis as well (Table 4).
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Discussion
Invasive breast cancer is the most common malignancy in women. The most common metastasis site of
breast cancer is axillary lymph nodes, and SLN is the first station of nodal metastasis [1, 2]. Recently, a
study about the relationship between Oncotype-DX recurrence score (RS) and lymph node burden in
clinically node negative breast cancer patients found that RS couldn’t predict nodal burden and wasn’t
useful to guide decisions regarding the extent of axillary surgery [27]. Therefore, it is necessary to find a
useful histological marker that can identify those patients who have a high risk to non-SLN nodal
metastasis and poor prognosis.
ENE has been recognized as a prognostic predictor in several types of malignancies[16, 28-31], and has
been included in the AJCC TNM staging system of head and neck cancers [32, 33]. ENE has been required
to be described in routine pathological reports according to the College of American Pathologists (CAP)
[34]

. However, it has not yet been included in the eighth edition of AJCC Cancer staging system of breast

cancers[35]. Some studies have demonstrated that the presence of ENE in involved axillary nodes was
associated with the total number of involved axillary nodes and poor prognosis in breast cancer [36-38].
However, the predictive and prognostic significance of ENE in SLN still needs further investigation.
In this retrospective analysis including 183 breast cancers with SLN involvement, we found 82 patients
(38.6%) were ENE positive in SLN. The rate of ENE in SLN in this study was compatible with previous
reports [25, 39, 40]. Previous studies have demonstrated the presence of ENE in SLN was associated with
overall nodal burden [21, 22, 41, 42]. Some studies showed that ENE in SLN was associated with four or
more metastatic axillary nodes [20, 25, 43]. ENE in the involved lymph node was regarded as a
demonstration of tumor migration and invasion ability which recruit degradation factors that permit
cancer cells to break through the lymph node capsule [22, 40, 44]. In our cohort, patients with ENE in SLN
had a significantly higher frequency of non-SLN involvement, the presence of ENE in SLN was positively
correlated with non-SLN metastasis in univariate and multivariate analysis. Our study indicated that the
presence of ENE in SLN was a predictor for non-SLN metastasis, and such patients may benefit from
further ALND.
The prognosis value of ENE in SLN is still in exploration. A meta-analysis including 624 patients (163
ENE+ and 461 ENE-) showed that ENE in SLN was associated with a higher risk of both mortality (RR =
2.51; 95% CI: 1.66-3.79, P < 0.0001) and recurrence of disease (RR = 2.07, 95% CI: 1.38-3.10, P < 0.0001)
[45]

. Schwentner L et al found that ENE in SLN was linked to worse overall survival in univariate analysis,
while this correlation disappeared when adjusting for nodal status, age, and comorbidities in multivariate
analysis [44]. Similar results have been found in a study that conducted by Choi et al [25]. Other studies
with a relatively small population indicated that the presence of ENE in SLN was associated with poorer
prognosis [40, 46]. Our results were consistent with previous study [47], Kaplan Meier curves and log-rank
test showed that ENE in SLN was associated with lower DFS and OS. However, the presence of ENE in
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SLN was not an independent predictor for DFS and OS in Cox multivariable regression analysis. Our
study indicated that the prognostic value of ENE in SLN in breast cancers still need further investigation.
Methodologies for ENE size measurement is still not standardized [40, 44, 46]. Aziz et al evaluated the
clinical significance of ENE which was divided into circumferential (CD-ENE) and perpendicular (PD-ENE)
extra-nodal growth, and the results showed that PD-ENE (with 3mm as cut-off value) was an independent
prognostic factor for disease-free survival of breast cancers [48]. Choi et al and Gooch et al’s study
showed that the extent of ENE was associated with greater axillary disease burden, and ENE >2mm was
the strongest predictor of N2 disease (p < 0.001), and poorer DFS and OS [25, 39]. The 2017 AJCC TNM
classification of head and neck cancer[32] classified ENE into ENEmi and ENEma based on a 2-mm cutoff
value for the extension distance of cancer cells from the lymph node capsule. In our study, we measured
the extent of ENE by the widest (CD-ENE) or highest (PD-ENE) diameter of the invasive front. Our study
showed that the size of ENE (CD-ENE and PD-ENE) subdivided by a 3mm (or 2mm) cutoff value was not
an independent factor for DFS and OS. Our study indicated that the association between the size of ENE
in SLN and prognosis in breast cancers still need further study, and the cutoff values of ENE in SLN still
need further exploration.
Regarding other nodal features, our study indicated that NVI in SLN were a prognostic factor for DFS,
which significantly predicted the risk of recurrence in early stage breast cancers. Meanwhile, our study
had some limitations. It was a single-institution retrospective analysis including relatively small samples.
Further large-scale prospective and retrospective studies still need to evaluate the clinical values of ENE
in SLN in breast cancers.

Conclusions
Our study indicated that ENE in SLN was a predictor for non-SLN metastasis in early stage breast
cancers, patients with ENE in SLN had a higher rate of non-SLN metastasis. ENE in SLN was associated
with DFS and OS in univariable analysis, but not in multivariable analysis. The size of ENE (CD-ENE and
PD-ENE) which was classified by a 3mm (or 2mm) cutoff value had no significant predictive and
prognostic values in this study. The prognostic value of ENE in SLN and the cutoff values of ENE in SLN
in breast cancers need further investigation.
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Tables
Table 1 Clinicopathological characteristics of patients
Variables
%
56.3
43.7

Extranodal extension
Negative
Positive
(n=110)
(n=73)
61
42
49
31

Age (Y)

< 50
≥ 50

No. of
patients
103
80

Pathologic T stage

T1
T2
I-II
III
1
2-3
＜3
≥3
1
2
≤0.5
＞0.5
micrometastasis

95
88
109
74
138
45
123
60
114
69
107
76
46

51.9
48.1
59.6
40.4
75.4
24.6
67.2
32.8
62.3
37.7
58.5
41.5
25.1

59
51
63
47
103
7
66
44
77
33
79
31
41

36
37
46
27
35
38
57
16
37
36
28
45
5

macrometastasis
No
Yes

137
122
61

74.9
66.7
33.3

69
102
8

68
20
53

Histologic grade
N stage
No. of SLNs
No. of SLNs metastasis
SLNs positive ratio
Pattern of SLNs
metastasis
NVI

Pvalue
0.781
0.567
0.438
<0.001
0.011
0.008
<0.001

<0.001
<0.001

Abbreviations: ENE extranodal extension; SLN sentinel lymph node; NVI nodal vascular invasion.
Table 2 Correlations between tumor features in SLN and non-SLN metastasis
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Variables
Age (Y)

< 50
≥50

Univariable analysis
OR
95% CI
P-value
1
0.82
0.41-1.62
0.563

Phathologic T stage

T1
T2
I-II
III
＜3
≥3
1
2
≤0.5
＞0.5
micrometastasis
macrometastasis
Negative
Positive
No
Yes

1
1.49
1
0.86
1
0.5
1
3.43
1
3.09
1
18.29
1
10.98
1
10.8

Histologic grade
No. of SLNs
No. of SLNs metastasis
SLNs positive ratio
Pattern of SLNs metastasis
ENE
NVI

0.76-2.93
0.43-1.72
0.23-1.10
1.71-6.89
1.54-6.20
2.84-53.50
6.54-29.01
4.95-23.57

0.25
0.676
0.086
0.001
0.002
0.003
<0.001
<0.001

Multivariable analysis
OR
95% CI
P-value

1
3.72
1
0.65
1
8.09
1
3.85
1
2.88

1.40-9.93
0.32-1.83
1.51-23.73
1.84-11.58
1.06-8.43

0.009
0.414
0.020
0.006
0.039

Abbreviations: ENE extranodal extension; SLN sentinel lymph node; NVI nodal vascular invasion.
Table 3 Correlations between tumor features and prognosis (DFS and OS) in whole cohort
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Variables

Age (Y)

< 50
≥ 50

Phathologic T
stage

T1
T2

Histologic
grade

I-II
III

N stage

1
2-3

No. of SLNs

＜3
≥3

No. of SLNs
metastasis

1
2

SLNs positive
ratio

≤0.5
＞0.5

Pattern of SLNs
metastasis

micrometastasis
macrometastasis

ENE

NVI

Negative
Positive

No
Yes

Disease free survival
Univariable
Multivariable
analysis
analysis
HR
PHR
P(95%
value (95%
value
CI)
CI)
1
0.63
0.211
(0.311.30)
1
-

Overall survival
Univariable
Multivariable
analysis
analysis
HR
PHR
P(95%
value (95%
value
CI)
CI)
1
0.24
0.115
(0.052.10)
1
1
-

1.68
(0.803.55)
1

0.17

0.015

-

1

-

12.71
(1.6428.50)
1

1.93
(1.264.87)
1
1.41
(0.653.07)
1
0.67
(0.301.50)
1

0.006

2.22
(1.094.49)

0.027

8.04
(1.7636.70)
1
4.98
(1.5815.70)
1
1.42
(0.454.48)
1

0.007

1.09
(0.542.21)
1

0.812

0.85
(0.252.81)
1

0.783

1.61
(0.803.26)
1

0.184

1.04
(0.333.28)
1

0.947

0.83
(0.381.80)
1
2.25
(1.114.58)
1
2.83
(1.395.76）

0.636

0.97
(0.263.60)
1
8.15
(1.7824.18)
1
6.51
(1.7624.06)

0.968

0.385

0.335

-

-

-

0.025

0.004

1
1.31
(0.284.25)
1
2.25
(1.017.13)

0.531

0.036

-

0.006

3.20
(1.7615.17)
1

0.039

8.76
(1.1238.45)
1
2.12
(0.577.81)

0.007

3.75
(0.4720.18)

0.214

2.10
(0.3612.17)

0.409

-

0.265

0.547

-

-

-

0.007

0.005

Abbreviations: ENE extranodal extension; SLN sentinel lymph node; NVI nodal vascular invasion.
Table 4 Correlations between the size of ENE and prognosis (DFS and OS)
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Variables

CD-ENE

none
≤3
＞3

PD-ENE

none
≤2
＞2

Disease free survival
Univariable analysis Multivariable
analysis
HR (95%
PHR (95%
CI)
value CI)
1
1
1.78 (0.820.145 0.51 (0.153.85)
1.79)
5.37 (1.980.001 2.51 (0.7414.53)
8.53)
1
1
1.82 (0.750.185 0.57 (0.174.39)
2.64）
2.74 (1.220.015 1.14 (0.336.16)
3.90)

Pvalue
0.293
0.139
0.573
0.837

Overall survival
Univariable analysis
Multivariable
analysis
HR (95% CI)
PHR (95%
value CI)
1
1
6.14 (1.240.026 3.06 (0.4230.41)
18.28)
15.98 (2.920.001 6.01 (0.8357.27)
22.30)
1
1
6.26 (1.150.034 2.76 (0.2834.18)
21.75)
10.19 (2.060.004 4.22 (0.5350.52)
33.67)

Abbreviations: circumferential (CD-ENE); perpendicular (PD-ENE).

Figures
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Pvalue
0.327
0.125
0.382
0.173

Figure 1
(a) Involved sentinel lymph node (SLN) without extranodal extension (ENE), (b) SLN with ENE, (c) the
diameter of CD-ENE, (d) the diameter of PD-ENE. Original magnification: 200x.

Figure 2
Kaplan-Meier curves depicting the associations of risk factors in SLN with DFS in all cases, which were
stratified according to (a) number of SLN (b) number of SLN involvement (c) pattern of SLN metastases
(d) SLN positive ratio (e) ENE (f) CD-ENE (g) PD-ENE (h) NVI.

Figure 3
Kaplan-Meier curves depicting the associations of risk factors in SLN with OS in all cases, which were
stratified according to (a) number of SLN (b) number of SLN involvement (c) pattern of SLN metastases
(d) SLN positive ratio (e) ENE (f) CD-ENE (g) PD-ENE (h) NVI.
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