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ABSTRACT
Objective: The prognostic importance of extracapsular extension (ECE) in breast cancer is not yet clear, especially in patients with pathological
T1-2 and N1 (pT1-2N1) disease. We aimed to investigate whether the extent of ECE was an independent prognostic factor for survival outcomes
in patients with pT1-2N1 breast cancer.
Materials and Methods: A total number of 131 patients with pT1-2N1 breast cancer treated between 2009 and 2015 were retrospectively evaluated. A single pathologist re-analyzed the histologic examples of all cases. The extent of ECE was graded from 0 to 4.
Results: There was a significant correlation between the number of lymph nodes involved and ECE grade (p=0.004). According to the univariate
analysis, lymphovascular invasion (LVI) and ECE grade were the significant prognostic factors for overall survival (OS); age, number of metastatic
lymph nodes, menopausal status, and ECE grade were the prognostic factors for disease-free survival (DFS). With a median follow-up of 46 months,
grade 3-4 ECE seems to be notably associated with a shorter OS and DFS in multivariate analysis. The mean OS was 85 months for the patients with
grade 0-2 ECE vs 75 months for the patients with grade 3-4 ECE (p=0.003). The mean DFS was 83 months for the patients with grade 0-3 ECE vs
68 months for the patients with grade 4 ECE (p=<0.0001).
Conclusion: This research has shown that the extent of ECE is an important prognostic factor for survival in pT1-2N1 breast cancer patients and
grade 3-4 ECE seems to be notably associated with a shorter OS and DFS.
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Introduction
The most important prognostic factor for early stage breast cancer is the involvement of axillary lymph nodes (1, 2). Extracapsular
extension (ECE) frequently identified as invasive cancer appearing at least invasion of the lymph node capsule or passing through
the nodal capsule into the perinodal tissue (3). The association between the presence of ECE and poorer outcomes in breast cancer
was shown in the 1970s and numerous studies further investigated this issue (3-13). Mambo and colleagues revealed that the presence of ECE had a detrimental impact on prognosis only for patients with three or fewer metastatic axillary lymph nodes (4). Some
researchers claimed that the presence of ECE is an indicator of worse locoregional recurrence (7, 10), while others claimed that the
existence of ECE is associated with poorer survival outcomes and increased distant metastasis (6, 9, 10) and still others suggested
that it has no effect (8).
Otherwise, the absence or presence of ECE has been mostly registered as ‘no’ or ‘yes’, with no specification and without any quantitation
in these studies. The extent of ECE was defined as a 5-level scale (on a scale from 0 to 4) by Lewis and colleagues in head and neck cancer
and they showed a better correlation with survival outcomes than ECE as a dichotomous (14).
In this study, we aimed to investigate whether the extension of ECE grading is an independent prognostic factor for survival outcomes in
patients with pathologically T1-2 and N1 (pT1-2N1) breast cancer and whether this type of scale can be used for breast cancer.
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Materials and Methods

Statistical Analysis

Patient population
The data of 169 women with pT1-T2N1 breast cancer who had been
treated postoperatively after breast conserving surgery (BCS) or modified radical mastectomy (MRM) and axillary lymph node dissection
(ALND) between 2009 and 2015 were retrospectively reviewed. Patients received neoadjuvant chemotherapy, <10 axillary lymph nodes
removed (incomplete lymph node dissection), had another concurrent
cancer, had initially distant metastases and follow-up period <12 months
were excluded. The 7th American Joint Committee on Cancer (AJCC)
staging system was used for tumor staging. Finally, 131 patients with
pT1-2N1 breast cancer were included in this study. We gathered not
only treatment method information such as type of chemotherapy, type
of hormonotherapy, type of surgery, and radiotherapy, but also clinicopathologic prognostic factors such as histologic type and grade, tumor
stage, number of excised and metastatic axillary lymph nodes, size of
metastatic lymph nodes, age, menopausal status, status of estrogen/progesterone receptor (ER/PR), status of human epithelial growth factor receptor family 2 (Her2) and existence of lymphovascular invasion (LVI).
The Nottingham combined histologic grade (Elston-Ellis modification
of Scarff-Bloom Richardson grading system) were used for grading and
the World Health Organization (WHO) classification of breast cancer
were used for classification of invasive carcinomas. A single pathologist
re-analyzed the histologic examples of all cases (F.S.) without information of the patient survival outcomes and the histologic slides were graded for the highest degree of ECE using the scale published by Lewis and
colleagues (14). The grading of ECE was as follows: grade 0= tumour
within the side of lymph node or tumour within subcapsular sinus without thickening of the lymph node capsule; grade 1=tumour encompassing subcapsular sinus with thickening of the lymph node capsule; grade
2=tumour spreading ≤1mm beyond the lymph node capsule; grade
3=tumour spreading ≥1 mm beyond the lymph node capsule; grade
4=no residual lymph node habit with soft tissue masses. This research
was approved by the institutional review board and conducted according to the ethical principles of the declaration of Helsinki. Because of
the retrospective design of study, the informed consent was not received.

SPSS Statistic program version 13 was used for statistical analysis. The
median value, the mean value, the proportion value and the standard
deviation values were performed for descriptive statistics. Pearson’ s
Chi-square test was carried out to compare the categorical variables
and independent sample t-test and ANOVA test were carried out to
compare the continuous variables. Kaplan-Meier survival analysis was
performed to estimate survival analysis. In univariate analysis, survival
curves of subgroups were compared with the two-sided long rank test.
Cox proportional regression analysis was performed for prediction of
95% confidence intervals (CIs) and hazard ratios. All the variables
with statistical significance (p≤0.05) in univariate analysis were added
as covariates in multivariate analysis.

Treatment
After surgery, 4 cycles of cyclophosphamide and doxorubicin followed
by 4 cycles of docetaxel were suggested to all patients with pN1, except
for patients who were aged ≥70 years with positive hormone receptor
or who had poor performance status. Adjuvant hormonotherapy was
applied to all patients with positive ER/PR.
A standard two parallel opposing tangential fields and a single ipsilateral anterior supraclavicular fossa (SCF) field were delivered using
three-dimensional conformal radiotherapy technique (3D-CRT) for a
total dose of 50 Gy to the breast/chest wall and SCF. In BCS patients,
10-16 Gy boost dose was applied to the tumor bed additionally.
The end points
The primary endpoint of this research was to investigate whether the
extent of ECE grading was an independent prognostic factor for survival outcomes in pT1-2N1 breast cancer patients. The time from the
date of finishing of RT to the date of the recurrence or distant metastases was defined as the disease-free survival (DFS) and the time
from the date of finishing of RT to the date of last follow-up or death
was defined as overall survival (OS). Patients were routinely evaluated
for tumor control in 3-month intervals in the first two years and in
6-month interval for the next three years, and annually thereafter.

Results
Pathologic assessment
The median number of removed axillary lymph nodes was 18 (range,
10-47). 68 patients (52%) had one, 40 patients (31%) had two and 23
patients (17%) had three involved lymph nodes. The median pathological lymph node size was 1.3 cm (range, 0.3-5). Pathologic assessment of the axillary lymph node dissection samples showed that there
were 10 ECE grade 0, 47 ECE grade 1, 19 ECE grade 2, 38 ECE
grade 3, and 17 ECE grade 4 cases. There was no correlation between
pathological lymph node size and grade of ECE but there was a correlation between involved axillary lymph node number and grade of
ECE (p=0.004) (Table 1). The median tumor size was 2.5 (range; 0.95) cm. There was no correlation between tumor size and grade of ECE.
Tumor characteristics are summarized in Table 2.
Patients characteristics
The median patient age was 50 (27-82) years. Mastectomy+ ALND
was applied 71% of the patients. 43% of the patients were in a premenopausal status. 9% of the patients had triple (-) hormonal status.
96% of the patients used chemotherapy, 78% of the patients used
hormonotherapy and 30% of the patients used trastuzumab. All the
patients received adjuvant RT to the chest wall/breast and ipsilateral
SCF. Treatment and patient characteristics are summarized in Table 3.
Survival Analysis
The median follow-up time was 46 (range; 14- 86) months. Eight

Table 1. Correlation of ECE grade with the number
of lymph nodes involved
ECE grade

Number of lymph nodes involved*

Total (%)

1 (%)

2 (%)

3(%)

Grade 0

8 (80)

2 (20)

0 (0)

10 (8)

Grade 1

31(66)

13 (28)

3 (6)

47 (36)

Grade 2

12 (63)

5 (26)

2 (10)

19 (15)

Grade 3

12 (32)

14 (37)

12 (31)

38 (29)

Grade 4

5 (29)

6 (35)

6 (35)

17 (13)

Total (%)

68 (52)

40 (30)

23 (18)

131 (100)

ECE: extracapsular extension.
*Correlation of extracapsular extension grade with the number of lymph
nodes involved, p=0.004
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Table 2. Tumor characteristics
		
Variables

Table 3. Patients and treatment characteristics

No. of patients
(total:131)

%

Histopathology		

No. of patients
(total:131)

%

Age (years)		

Invasive ductal carcinoma

117

90

Median

The others

14

10

<45

32

24

≥45

99

76

Tumor grade		

50 (27-82)

Grade 1

6

5

Grade 2

77

59

Premenopausal

63

48

Grade 3

48

36

Peri/postmenopausal

68

52

Hormonal status		

Menopausal status		

Surgery type		

ER (+) PR (+) c-erbB2 (-)

75

57

Mastectomy+ALND

93

71

ER (+) PR (+) c-erbB2 (+)

26

20

BCS+ALND

38

29

ER (-) PR (-) c-erbB2 (+)

18

14

Triple (-)

12

9

Tumor size		
Median (cm)

2.5 (0.9-5)

Median

18 (10-47)

The number of lymph nodes involved		

Yes

126

96

No

5

4

Yes

102

78

No

29

22

Trastuzumab		

1

68

52

2

40

31

3

23

17

Involved lymph node size		
Median (cm)

Chemotherapy 		

Hormonotherapy		

Dissected lymph node number		

1.3 (0.3-5)

Yes

39

30

No

92

70

MRM: modified radical mastectomy; ALND: axillary lymph node
dissection; BCS: breast conserving surgery

Table 4. Distribution of distant metastasis and
number of died patients according to ECE grade

LVI		
Yes

59

45

No

52

40

Unknown

20

15

ECE grade		
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Variables

ECE grade 		
n (%)

Number of
distant metastasis*

Number of died
patients˚

Grade 0

10 (8)

1

0

Grade 0-2

76

58

Grade 1

47 (36)

1

1

Grade 3-4

55

42

Grade 2

19 (15)

1

0

ECE: extracapsular extension; ER: estrogen receptor; LVI: lymphovascular
invasion; PR: progesterone receptor

Grade 3

38 (29)

6

2

Grade 4

17 (13)

7

5

of the 131 patients (6%) died and sixteen of the 131 patients (12%)
had distant metastases during the follow-up period. None of the patients had loco-regional recurrence. Distribution of distant metastasis and number of died patients according to ECE grade is shown
in Table 4.

Total (%)

131 (100)

16

8

The mean OS was 81 (range; 78-85) months for all the patients. 2and 5- year OS rates were 99% and 93%, respectively. According to
the Kaplan Meier analysis, LVI and ECE grade were the significant
prognostic factors for pT1-2 N1 breast cancer. Patients with LVI had
a poorer OS than patients with no-LVI (p=0.019). ECE grade was the
other prognostic factor for OS (p=<0.0001). The mean OS was 84

ECE: extracapsular extension
*Correlation of ECE grade with number of distant metastasis, p=0.001
˚Correlation of ECE grade with number of died patients, p=0.001

months for the patients with grade 0-3 ECE vs 57 months for the patients with grade 4 ECE (p=<0.0001; Figure 1a) and the mean OS was
85 months for the patients with grade 0-2 ECE vs 75 months for the
patients with grade 3-4 ECE (p=0.003; Figure 1b) Cox proportional
hazard regression analysis was also assessed. According to multivariate analysis, where age, menopausal status, hormonal status, number
of metastatic axillary lymph nodes, tumor size, and ECE grade were
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Table 5. Univariate and multivariate proportional hazard regression analysis related with OS
			
Variables

HR

Univariate analysis			
95% CI

p- value

Multivariate analysis

HR

95% CI

p-value

1

0.1-9.5

0.7

0.6-34

0.1

0.1-6.1

0.9

0.5-3.1

0.5

Age
≥45 years
<45 years

1

0.4-8.21		

1.96		

0.3

1.3

0.07

1

Menopausal status
Postmenopausal/perimenopausal
Perimenopausal

1

0.86-21.57

4.32			

4.5

Triple negative
No
Yes
Tumor size

1

0.59-14.85

0.1

1

2.96			

1.1

1.54

1.3

0.77-3.07

0.2

The number of lymph nodes involved
1

1		

0.3

1		

0.6

2

1.49

0.24-8.94

0.6

0.8

0.1-6.1

0.3

3

3.54

0.67-18.71

0.1

1.3

0.1-10.5

0.7

1.1- 133.7

0.03*

ECE grade
ECE grade 0-2

1			

ECE grade 3-4

12.3

ECE grade 0-3

1

ECE grade 4

19.5

2.5-100

0.01*

3.8-101

<0.0001*

1
12.4

ECE: extracapsular extension
*Statistically significant

entered as predictive variables, the ECE grade (HR=12.4, 95 CI, 1.1133.7, p=0.03) was the only prognostic factor for OS. The statistical
analysis results are shown in Table 5.
The mean DFS was 77 (range; 73-81) months for all the patients.
2- and 5- year DFS rates were 98% and 88%, respectively. According to the Kaplan Meier analysis, age, number of metastatic axillary
lymph node, menopausal status, and ECE grade were the significant
prognostic factors for DFS in patients with pathologic T1-2 and N1
breast cancer. Patients with <45 years old had a poorer DFS than ≥45
years old (p=0.004). Premenopausal patients had a poorer outcome
than postmenopausal and perimenopausal patients (p=<0.0001). Patients with three involved lymph nodes had poorer outcomes than
patients with lesser metastatic lymph node (p=0.03). Patients with
grade 4 ECE had the worst survival outcomes than the patients with
the other ECE grades. The mean DFS was 80 months for the patients with grade 0-3 ECE vs 56 months for the patients with grade
4 ECE (p=<0.0001; Figure 2a) and the mean DFS was 83 months
for the patients with grade 0-2 ECE vs 68 months for the patients
with grade 3-4 ECE (p=<0.0001, Figure 2b). According to multivariate Cox regression analysis, to have premenopausal hormone status
(HR=6.1, 95 CI, 1.1- 35.1, p=0.04) and to have grade 3-4 ECE
were the independent prognostic factors for DFS (HR=7.8, 95 CI,
1.1- 54.7, p=0.03).

Discussion and Conclusion
Stage T1-2 and N1 breast cancer is a unique group that involves a heterogeneous group of tumors characterized by some prognostic clinical,
pathological, and molecular factors. Data about the prognostic importance of ECE in breast cancer are conflicting (3-13). Only a few studies have investigated the role of presence of ECE in patients with one
to three involved axillary lymph nodes (4-6, 9). On the other hand,
absence or presence of ECE has been frequently registered as ‘ no ‘ or
‘ yes ‘ in these studies. This is the first study which evaluates the ECE
grade grouping by a scale and using this type of classification seems to
be an independent prognostic factor for overall survival in pT1-2N1
breast cancer patients. The results of this research show that the extent
of ECE grade is an independent prognostic factor for both DFS and
OS in pT1-2N1 breast cancer patients. As referred in the introduction,
a correlation between the existence of ECE and survival outcomes was
first demonstrated by Fisher and colleagues who reported a significant
correlation with an increased risk of failure (3). Mambo and colleagues
demonstrated that the presence of ECE has a negative impact on survival
outcomes in patients with three or fewer metastatic axillary lymph nodes
and no impact on survival outcomes in patients with four or more metastatic axillary lymph nodes (4). Clayton and Hopkins revealed that the
presence of ECE had a significant effect on long-term survival in patients
with 6 or fewer involved axillary lymph nodes (15). Similarly, Donegan
and colleagues reported that the presence of ECE had an influence only
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Figure 1. a, b. Overall survival curve according to ECE grade (a) Grade 0-3 vs Grade 4 (b) Grade 0-2 vs Grade 3-4
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Figure 2. a, b. Disease-free survival according to ECE grade (a) Grade 0-3 vs Grade 4 (b) Grade 0-2 vs Grade 3-4
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in patients with one to three axillary lymph nodes (5). Leonard and colleagues showed that the existence of ECE was associated with a poorer
OS (5- year OS rates of 35%, 59%, and 79%, for extensive ECE, focal
ECE, and no ECE, respectively) (16). In the present study, 5-year OS
rates of 100%, 90%, 100%, 90% and 63%, for Grade 0, Grade 1, Grade
2, Grade 3 and Grade 4 ECE, respectively. In the randomized British
Columbia trial, extensive ECE was found to significantly predict for decreased OS and DFS in stage II breast cancer patients (17).
We found that grade 3 and grade 4 ECE significantly correlates with
distant metastasis and poorer survival outcomes. 13 of the 16 patients
(81%) with distant metastasis were in grade 3-4 ECE group. Seven
of the 17 patients (41%) with Grade 4 ECE had distant metastasis,
whereas only nine of the remaining 114 patients (7%) with Grade 0-3
ECE had distant recurrence. Additionally, seven of 8 patients (87%)
who died were in grade 3-4 ECE group. Five of 17 patients (29%)
with grade 4 ECE died, whereas three of 114 patients with grade 0-3
ECE (2%) died. Additionally, ECE grade strongly associated with the
number of involved axillary lymph node that known as a significant
prognostic factor for early stage breast cancers. Similarly, Hetelekidis
and colleagues showed that the presence of ECE correlated with the
number of involved axillary lymph node in early stage breast cancer,
but the authors did not find any correlation between the existence
of ECE and survival outcomes (8). In this study, they may not have
found any association because of the binary registration of ECE status as ‘ no ‘ or ‘ yes ‘. However, Leonard and colleagues showed that
the presence of ECE associated with the number of involved axillary
lymph nodes, and correlated with a poorer OS (16).
There are some important inferences that can be obtained from the
present investigation. First, there is not any standard definition of ECE
in the literature. Most researchers have used microscopy/histology, but
most simply in a binary registration as ‘no’ or ‘yes’. Some authors have
used ‘focal’ or ‘extended’ definition with no description. Standard definition of ECE must be identified, because of the ECE status can be
considered by future staging systems. In colorectal cancers, the presence
of ECE has been involved in the TNM staging system and it was named
a specific subcategory of N group, as N1c (17). The presence of ECE
was also recognised for breast cancer in the 5th edition of the American
Joint Committee on Cancer (AJCC) Cancer Staging Manual and it was
named with a specific subcategory, as pN1biii. But, it was removed from
the 6th edition of the AJCC because of the usefulness of this nodal staging (18, 19). It is possible that some proofs against its benefit in the staging system and some difficulties during the standard definition of ECE
influenced the consideration of its prognostic effect. However, based on
the current study results, we recommend that ECE grade according to
the scale published by Lewis and colleagues can be used for patients with
T1-2 and N1 breast cancer and we also suggest that ECE status can
be reconsidered for breast cancer as a prognostic factor. The prognostic
importance of ECE grade must be confirmed by future clinical trials and
must be investigated for the other stages of breast cancer.
In conclusion, the present research showed that the extent of ECE is
an independent prognostic factor for survival outcomes in pT1-2N1
breast cancer patients and grade 3-4 ECE seems to be notably associated with a shorter OS and DFS.
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