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Abstract
PurposeInvasive micropapillary carcinoma (IMPC) of the breast is a rare and associated with high incidence of lymph node metastasis and poor outcome. The aims of this study were to provide a comprehensive analysis of clinicopathologic and immunohistochemical characteristics of IMPC and to elucidate the differences between IMPC and invasive ductal carcinoma (IDC).

MethodsSixty-one patients of IMPC were identified by retrospective review of database from January 2004 to December 2008. 221 patients were randomly selected among the IDC patients who received operation during the same period. Two groups were compared with uni- and multivariate analysis.

ResultsWe observed significant differences in mean number of metastatic lymph nodes (6.1 vs. 1.9, p=0.001), positivity of lymph node (70.5% vs. 45.2%, p<0.001), and presence of lymphatic vessel invasion (75.4% vs. 34.8%, p<0.001) between IMPC and IDC patients. Although it has been known that triple negative breast cancer (TNBC) have lymphotropic tendency in their early T stage, 11.8% (26/221) of IDC and 3.3% (2/61) of IMPC patients were TNBC in this study (p=0.050). In multivariate analysis, IMPC histology showed no correlation with disease-free survival (DFS) and the lymphatic vessel invasion was a significant predictor of DFS.

ConclusionThe results of this study confirm that IMPC is unique subtype of breast cancer that is commonly accompanied by axillary lymph node metastasis and shows poor outcome, although it rarely presents the pattern of TNBC. Lymphatic vessel invasion rather than histology of IMPC seems to be more closely related to DFS.
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INTRODUCTION
Invasive micropapillary carcinoma (IMPC) of the breast is a rare and distinct subtype of breast cancer.(1) In 1993, Siriaunkgul and Tavassoli(1) defined histologic features of IMPC and it was newly listed in the World Health Organization classification of the breast cancer in 2003. Recently, some papers on IMPC have been published and most authors suggested that IMPC showed more aggressive characteristics than invasive ductal carcinoma (IDC).(2-5) According to these studies, axillary lymph node metastasis, lymphatic vessel invasion, high histologic grade, and overexpression of estrogen receptor (ER) were distinct behavior of IMPC compared with IDC.(3-8)
However, there were some differences in clinicopathologic and immunohistochemical results of IMPC although many agreements have been reached. In particular, lymphotropic feature (lymph node metastasis and lymphatic vessel invasion) was observed in most of the studies, but as for hormonal receptors and biologic marker (e.g., p53 and HER2), there have been some disagreements,(3-8) which may be due to insufficient data to date. It has been reported that triple negative breast cancer (TNBC, ER-/PR-/HER2-) patients have a high rate of lymph node positivity,(9) and therefore we assumed that IMPC would be associated with TNBC.
The objective of this study was to provide a comprehensive analysis of clinicopathologic and immunohistochemical characteristics of IMPC of breast and to recognize the differences between IMPC and IDC. We also attempted to verify the co-relation between IMPC and TNBC.

METHODS
Sixty-one cases of IMPC of breast were identified by retrospective review of 3,452 patients with IDC who received operation from January 2004 to December 2008 at Samsung Medical Center. To be included in this study, tumors had to have a predominant (>75%) invasive micropapillary pattern; we excluded cases that showed a minor invasive micropapillary pattern. The primary hypothesis of this study is that there is difference in the number of metastatic lymph node between IMPC and IDC patients. Based on the calculation that the standard deviation of the number of metastatic lymph node is 8.22(3) and the size of IMPC is 61 patients, a total of 221 IDC patients would provide the power of 0.9, under the significance level 0.05, to detect the significant difference of at least 4 metastatic lymph node between the two groups with nonparametric method. So, we randomly selected 221 patients with IDC among 3,391 IDC patients as control group using "Rand" and "Int", a functional formula of Microsoft Excel®.
We collected the data from electronic medical records about age, sex, operation type, tumor size, lymph node metastasis, presence of lymphatic vessel invasion, histological grade, nuclear grade, hormonal receptor status, HER2, p53, and recurrence.
The breast cancer stage was adopted from the sixth edition of the AJCC cancer staging.(10) The histologic grade was evaluated using the modified Bloom-Richardson scoring system.(11) Cases were considered positive for ER or PR if nuclear staining was present in at least 10% of the tumor cells tested. Moderate (2+) or strong (3+) membranous staining in at least 50% of the tumor cells was required for a case to be considered positive for HER2. Patients with negative ER, PR, and HER2 were defined triple negative breast cancer (TNBC).
Survival analysis end points included disease-free survival (DFS), defined as time to disease recurrence (local recurrence, recurrence in the opposite breast, or distant organ metastasis), but disease-specific survival was not included because of relative short follow-up duration.
For statistical analysis, SPSS version 17.0 (SPSS Inc., Chicago, USA) was used. Categorical variables and numerical variables were analyzed with chi-squared test (Fisher's exact test when appropriate) and Student's t-test, respectively. Cox proportional hazard model was implemented for univariate and multivariate analysis. p-value of <0.05 was considered statistically significant.

RESULTS
Clinicopathologic features
Tumors diagnosed as IMPC comprised 1.7% of the reviewed breast carcinomas. Only one patient was male among IMPC patients. There were no statistical differences in mean age and mean tumor size between IMPC and IDC patients. Four types of operation were performed: modified radical mastectomy (MRM), breast conserving surgery (BCS), partial mastectomy with sentinel lymph node biopsy (PM+SLN), and total mastectomy with sentinel lymph node biopsy (TM+SLN). There were no statistically significant differences among the operations performed (p=0.003). Mean follow up periods of IMPC and IDC patients were 38.6 and 34.9 months, respectively. Recurrence rate during follow-up recurrence was 13.1% and 5.4% for IMPC and IDC patients, respectively (p=0.049). Recurrence occurred sooner in IMPC patients than in IDC patients, but there was no significant difference between them (p=0.667).
Mean number of metastatic lymph node of IMPC and IDC were 6.1 and 1.9, respectively (p=0.001). Forty-three (70.5%) of 61 IMPC and 100 (45.2%) of 221 IDC patients had metastatic lymph node (p<0.001); 46 (75.4%) and 77 (34.8%) patients with IMPC and IDC, respectively, appeared to have lymphatic vessel invasion and it was statistically significant (p<0.001).
When histologic results of IMPC were classified using the modified Bloom-Richardson scoring system, 41.0%, 55.7%, and 3.3% IMPC patients could be classified as poorly differentiated, moderately differentiated, and well differentiated, respectively. When the scoring system was applied to the IDC patients, 20.4%, 46.2%, and 33.5% could be categorized as well differentiated, moderately differentiated, and poorly differentiated IDC, respectively (p=0.007) (Table 1).
[image: Table  ]Table 1

  Clinicopathologic characteristics of IMPC and IDC patients

IMPC=invasive micropapillary carcinoma, IDC=invasive ductal carcinoma; SD=standard deviation; LN=lymph node; MRM=modified radical mastectomy; BCS=breast conserving surgery; PM+SLN=partial mastectomy with sentinel lymph node biopsy; TM+SLN=total mastectomy with sentinel lymph node biopsy; ER=estrogen receptor; PR=progesterone receptor.
*p<0.05.






TNM stage
In the T stage, there was no statistical difference between IMPC and IDC patients (p=0.831). In the N stage, 52.6% of IDC patients were N0 and only 5.0% were N3, but IMPC patients were quite evenly distributed from N0 to N3 (29.5, 26.2, 23.0, and 21.3%), which was statistically significant (p<0.001). TNM stage between the two groups was also statistically different (p<0.001) (Table 1).
At T1 stage, 60.0 and 73.3% of IMPC patients show lymph node metastasis and lymphatic vessel invasion, but IDC patients show lower percentage of involvement than IMPC (p=0.001 and p<0.001). There was a trend that the higher T stage, the more metastatic lymph node and lymphatic vessel invasion (Table 2).
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  Lymph node metastasis and lymphatic vessel invasion in same T stage

IMPC=invasive micropapillary carcinoma; IDC=invasive ductal carcinoma; LN (+)=member of presence of metastasis to axillary lymph node; LVI (+)=member of presence of lymphatic vessel invasion.
*p<0.05.






Immunohistochemical features
The percentage of expression of ER, PR, and HER-2 were higher in IMPC than in IDC although there were no statistical differences (p=0.234, 0.229, and 0.105). Only expression of p53 was higher in IDC than in IMPC (p=0.012).
Twenty-six (11.8%) patients of IDC were TNBC, but in IMPC patients, only 2 (3.3%) patients were TNBC (p=0.05) (Table 1).

Cox proportional hazards univariate and multivariate analysis
Factors univariately associated with recurrence are listed in Table 3. The major factors associated with poor outcome in these analyses were IMPC pathology, lymph node metastasis, and lymphatic vessel invasion.
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  Univariate analyses of factors associated with disease-free survival in IMPC and IDC patients

IMPC=invasive micropapillary carcinoma; IDC=invasive ductal carcinoma; OR=odds ratio; LN=lymph node; LVI=lymphatic vessel invasion; ER=estrogen receptor; PR=progesterone receptor.
*p<0.05.





IMPC histology showed no correlation with DFS in multivariate analysis. Only lymphatic vessel invasion was significant predictor of DFS (Table 4).
[image: Table  ]Table 4

  Cox proportional hazards multivariate analysis for IMPC and IDC patients

IMPC=invasive micropapillary carcinoma; IDC=invasive ductal carcinoma; DFS=disease free survival rate; NS=not significant.







DISCUSSION
In our study, axillary lymph node metastasis and lymphatic vessel invasion were more frequently observed in IMPC than in IDC. And percentage of triple negative was higher in IDC than in IMPC, but IMPC showed worse prognosis than IDC. IMPC pathology, lymph node metastasis, and lymphatic vessel invasion were factors significantly associated with disease-free survival in univariate analysis, but IMPC pathology showed no correlation with DFS in multivariate analysis. Invasive papillary carcinoma of the breast is often confused with IMPC pathologically. While invasive papillary carcinoma shows a complex arborescent growth pattern within duct-like spaces,(12) IMPC is composed of small clusters of tumor cells within the clear stromal spaces which are not epithelium lined (Figure 1).
[image: Figure F1 ]Figure 1

  Invasive micropapillary carcinoma of the breast. Photomicrograph reveals carcinoma composed of small clusters of tumor cells within the clear stromal spaces (H&E stain, ×100).



Results of the present study correspond with that of the majority of earlier studies(2, 6-8, 13-15) which reported that IMPC showed more lymphotropic features (lymph node metastasis and lymphatic vessel invasion) than IDC not only in T2 and T3 but also in T1. These findings are in close association with poor outcome of IMPC and are most distinguishing characteristics of IMPC from IDC. In IMPC patients, much higher percentage of operations included axillary dissection (MRM and BCS) than in IDC. This finding doesn't seem to have been the result of current study design, in which IDC patients have been randomly selected, but to the lymphotropic nature of IMPC.
In previous studies,(2, 4, 5) estrogen and progesterone receptors were shown to be more overexpressed in IMPC than IDC, but there were no differences between IMPC and IDC in our results. And as for p53, which is a tumor suppressor gene product associated with recurrence and decreased survival in patients with advanced breast cancer,(16) results have been conflicting since in some studies, p53 was shown to be more overexpressed in IDC than in IMPC,(6, 8) Further study is needed to clarify this discrepancy.
It is known that so called triple negative breast cancer (TNBC, ER-/PR-/HER2-) is unresponsive to hormonal therapies and results in poor outcome and tends to have lymph node metastasis even in early T stage.(17-19) In contrast to the assumption that TNBC is more common in IMPC than in IDC, TNBC was more frequently found in IDC than in IMPC (11.8% vs. 3.3%, p=0.05) in this study. The reason why IMPC carries worse prognosis than IDC can be explained better by lymphotropic characteristic of IMPC, which proved to be significant predictor of DFS in our study, than by characteristics of TNBC.
In line with the previous study, which reported that IMPC histology was not related to the breast cancer recurrences,(3) IMPC histology was not an independent factor which could predict local recurrence as well as distant organ metastasis in this study. A large-scaled prospective study is warranted to clarify this finding in the future.

CONCLUSION
The results of this study confirm that IMPC is a unique subtype of breast cancer. Axillary lymph node metastasis and lymphatic vessel invasion is common in IMPC and related to poor outcome although IMPC itself rarely has the pattern of TNBC. Careful consideration is needed when evaluating the axilla of IMPC patients since lymphatic vessel invasion rather than the histology of IMPC seems to be more closely associated with DFS.
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  Invasive micropapillary carcinoma of the breast. Photomicrograph reveals carcinoma composed of small clusters of tumor cells within the clear stromal spaces (H&E stain, ×100).
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  Clinicopathologic characteristics of IMPC and IDC patients

IMPC=invasive micropapillary carcinoma, IDC=invasive ductal carcinoma; SD=standard deviation; LN=lymph node; MRM=modified radical mastectomy; BCS=breast conserving surgery; PM+SLN=partial mastectomy with sentinel lymph node biopsy; TM+SLN=total mastectomy with sentinel lymph node biopsy; ER=estrogen receptor; PR=progesterone receptor.
*p<0.05.
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  Lymph node metastasis and lymphatic vessel invasion in same T stage

IMPC=invasive micropapillary carcinoma; IDC=invasive ductal carcinoma; LN (+)=member of presence of metastasis to axillary lymph node; LVI (+)=member of presence of lymphatic vessel invasion.
*p<0.05.
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  Univariate analyses of factors associated with disease-free survival in IMPC and IDC patients

IMPC=invasive micropapillary carcinoma; IDC=invasive ductal carcinoma; OR=odds ratio; LN=lymph node; LVI=lymphatic vessel invasion; ER=estrogen receptor; PR=progesterone receptor.
*p<0.05.
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  Cox proportional hazards multivariate analysis for IMPC and IDC patients

IMPC=invasive micropapillary carcinoma; IDC=invasive ductal carcinoma; DFS=disease free survival rate; NS=not significant.
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