
Abstract. Background: Abdominal metastasis is a rare
finding in human breast cancer and is associated with a poor
prognosis. Previous data suggest that mainly invasive lobular
carcinomas tend to metastasize to the abdomen. The aim of
the present study was to offer deeper insight into the biology of
this rare kind of tumor spread. Materials and Methods: The
expression of the cell adhesion protein E-cadherin, the cell
proliferation marker Ki-67, as well as lymphatic vessel
invasion (LVI), determined by staining with D2-40, were
analyzed by immunohistochemistry in samples of primary
breast cancer (n=12) and their associated abdominal
metastases. Results: In nine cases the tumors and their
abdominal metastases were E-cadherin-positive and
biologically belonged to the invasive ductal subtype. In three
E-cadherin-positive cases, abdominal metastasis was an
earlier event compared to E-cadherin-negative cases (90
months versus 37 months). None of the primary tumors
showed LVI after immunostaining with D2-40. Higher Ki-67
levels were found in the E-cadherin-positive primaries and
metastases. Conclusion: Most of the investigated tumors
biologically belonged to the invasive ductal subtype. The
findings of this analysis provided evidence that metastatic
spread to the abdomen does not predominantly appear in
lobular invasive carcinomas. 

Out of all patients with early breast cancer, 20-30% will
develop relapse with distant metastasis, mainly to the liver,
lung, bones and brain (1). It is widely accepted that tumor

size, nodal status and tumor grade at the time of initial
presentation are directly associated with regional and distant
metastasis. Nevertheless, little is known about the tumor
biology in metastatic disease as well as the patterns of spread
and specific sites of recurrence (2). Abdominal metastasis is
a rare finding in human breast cancer and is associated with
an extremely poor prognosis (3). Previous data suggest that
there is a greater tendency of lobular carcinoma (ILC) to
metastasize to the gastrointestinal tract, gynecological organs
and the peritoneum (4-8). Moreover, even in mixed tumor
types of ductal and lobular primary breast carcinomas, the
lobular component seem to develop abdominal metastases (9).
Nevertheless, most of these reports rely on autopsy series or
single-case reports, which makes it difficult to evaluate any
biological characteristics of this disease. E-Cadherin is a
calcium-regulated cell adhesion molecule that plays a major
role in cell proliferation and invasion (10). The down-
regulation of E-cadherin expression is a characteristic of
epithelial-to-mesenchymal transition (EMT). In EMT, cells
are differentiated to migratory fibroblastoid cells, which
represent the first step of metastatic progression (11). One
major characteristic in ILC compared to non-lobular tumor
types is the loss of E-cadherin expression (12-15). In addition,
genetic alterations may also lead to loss of function of E-
cadherin in ILC. Berx found somatic mutations within the
gene encoding E-cadherin in 56% of ILCs, whereas 90% of
ILCs had allelic losses in the E-cadherin locus. Interestingly,
no mutations were found in non-lobular carcinomas of the
breast (15). Sarrio demonstrated that promotor
hypermethylation is also a further mechanism of E-cadherin
inactivation in ILC in 41% of cases (12). The loss of E-
cadherin in ILC may explain the morphological features of
this cancer entity, such as cellular descohesion, the distinct
pattern of stromal invasion and the growth pattern of
formation of single cells or rows of cells (Indian file pattern)
(16). Despite the significant cause of morbidity and mortality,
only few studies have been performed with a focus on
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abdominal metastasis in breast cancer. In order to offer deeper
insights into this rare kind of tumor spread, we performed an
immunhistochemical study to analyze the expression of E-
cadherin in primary breast cancer and the associated
abdominal metastases. In addition, the analysis of the cell
proliferation marker Ki-67 as well as lymphatic vessel
invasion (LVI) as determined by D2-40, a sensitive marker
for LVI in breast cancer (17), was also included in this study. 

Materials and Methods

Patients. Twelve patients with breast cancer, who underwent
treatment for abdominal metastasis at the Department of Obstetrics
and Gynecology, University of Bonn Medical Center, were included
in this study. In cases where the primary tumor was diagnosed and
treated in a different clinic, characteristics and biopsy specimen were
requested from the site of primary treatment. 

Histological findings in routine histopathological workup. The data
on tumor characteristics were obtained from the original
histopathological reports. In all cases, a histopathological workup of
the biopsy specimen of the primary tumors and the corresponding
metastases (histological type, tumor size, tumor grade) was
performed by an experienced, board-certified breast pathologist. To
assess the hormone receptor status (estrogen receptor and
progesterone receptor), immunoreactive scoring was performed
according to the proposals of Remmele and Stegner (18). Invasive
tumors were classified as receptor-positive if the Remmele score for
either the estrogen or progesterone receptor was ≥1/12. Using the
method and scoring system of the DAKO Hercep Test (Dako,
Carpinteria, CA, USA), HER2/neu was classified as negative if the
DAKO score was 0 or 1+, and positive if the Dako score was 3+
(according to the manufacturer’s instructions). In cases of a DAKO
score of 2+, fluorescence in situ hybridization was performed. Only
cases revealing a ratio >2 of chromosome 17 and HER2 signals were
classified as positive.

Immunhistochemistry. Consecutive 4-mm sections were cut from
paraffinized tumor blocks for immunostaining. The monoclonal
antibodies to human E-cadherin (1:50; Dako, Glostrup, Denmark),
human Ki-67 (1:1000; Dako, Glostrup, Denmark) and human D2-
40 (1:50; DCS/Signet, Dedham, MA, USA) were used for
immunohistochemical detection. The sections were dried overnight
at room temperature, de-paraffinized, and rehydrated through
decreasing concentrations of ethanol followed by Tris buffer. For
antigen retrieval, the sections were microwaved twice for 15 min at
600 W in 10 mM citrate buffer (pH 6). The subsequent steps were
performed semiautomatically using a streptavidin-biotin-peroxidase
technique and a DAKO TechMate 500 according to the provider’s
instructions. Positive and negative control experiments were
performed for the immunohistochemical study. For each tumor, the
whole section, stained with appropriate primary antibodies, was
blinded and then screened for the presence of LVI, E-cadherin-
positive cells and expression of Ki-67, by an experienced
investigator. In the present study, tumor cells demonstrating
membranous staining for E-cadherin were classified as positive. 

Statistical analysis. Analyses were performed using the Statistical
Package for Social Sciences, version 14.0 (SPSS, Chicago, IL, USA). 

Results

Tumor characteristics at the time of the primary diagnosis of
breast cancer are summarized in Table I. The median age at
diagnosis for the 12 patients was 52 years (mean=52.8,
range=32-72 years). Four patients were pre-menopausal and
eight patients were post-menopausal at time of the primary
diagnosis. In five patients, a mastectomy was performed after
diagnosis. A further four patients underwent breast-conserving
therapy. In three cases, patients were diagnosed with
synchronous distant metastasis and subjected to palliative
chemotherapy without excision of the tumor or axillary
dissection. An exploration of the axilla was performed in eight
cases; one patient with clinically-positive lymph nodes did not
undergo axillary dissection due to age and comorbidities.
Based on histomorphological findings seven primary tumors
were diagnosed as ILC, whereas five cases were diagnosed as
invasive ductal (IDC) breast cancer. After immunostaining, nine
cases showed positive staining for E-cadherin. Only three cases
were classified as E-cadherin-negative, representing the final
number of biologically ILC. None of these three
immunohistochemically-defined ILCs were positive for
HER2/neu. In two cases, there was a weak expression of the
estrogen receptor, whereas staining for the progesterone
receptor was only positive in one carcinoma. Based on the
immunohistochemical results, four out of the seven cases
categorized as ILC were E-cadherin-positive and therefore
belonged to the ductal invasive subtype. All of these four
carcinomas exhibited the classic Indian-file growth pattern,
were positive for estrogen and progesterone receptors, and
negative for HER2/neu. All together, nine tumors biologically
belonged to the group of IDCs. Two of these tumors were
classified as being triple-negative by showing no expression for
the estrogen and progesterone receptor or HER2/neu. In the E-
cadherin-negative group (immunohistochemically-defined ILC)
one tumor was triple-negative. In all cases, there was no
difference in the expression of E-cadherin between the primary
tumor and the investigated metastases. Figure 1 gives an
overview of the metastatic sites for the investigated metastasis.
In five patients distant metastases were present at the time of
primary diagnosis: bone metastasis in three cases, lung
metastasis in one patient, as well as synchronous liver and
stomach metastasis in one patient. The mean time between the
primary disease and development of additional abdominal
metastases was 50.2 months (range=0-201 months). Metastasis
to the gastrointestinal tract (stomach and colon) developed after
a median time of 17 months (range=0-27 months). Metastasis
to the peritoneum alone appeared after a median time of 
14 months (range=12-42 months). Metastasis to the ovaries
was the latest event occuring after a median of 184 months
(range=79-201 months). E-cadherin-negative carcinomas (n=3)
developed metastasis (ovary, colon, peritoneum) after a median
of 90 months (range=27-201 months), whereas abdominal
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metastasis in E-cadherin-positive carcinomas (n=9) were
observed after a median of 37 months (range=0-184 months).
None of the primary tumors showed LVI after immunostaining
with D2-40. In two cases, LVI was found for the abdominal
metastasis. Both cases were positive for E-cadherin. All E-
cadherin-negative cases were also negative for LVI. The
median Ki-67 level in the primary tumor was 20% (range=2%
to 70%). In the investigated abdominal metastases, the median
Ki-67 level was 30% (range=2% to 80%). In the E-cadherin-
positive group, the median of Ki-67 was 20% for the primary
tumors and 40% in the abdominal metastases. There was a
trend for lower Ki-67 levels in the E-cadherin-negative group,
at 17.5% and 15% respectively.

Discussion

Despite a substantial improvement in breast cancer outcome,
distant metastases are common and remain incurable. The
abdominal cavity is a rare site for metastases after breast cancer.
Symptoms of patients with abdominal metastases after breast

cancer are usually non-specific, mimicking primary
gastrointestinal or pelvic malignancies, resulting in a delayed
diagnosis (4, 6, 19). The therapy of these patients is usually
based on palliative care. Surgical interventions have a role in
palliative care and patients with intestinal obstruction,
perforation or bleeding, but do not result in prolonged survival
(6, 19). Despite the dismal prognosis of patients with abdominal
metastasis after breast cancer, little is known about the
pathology of this disease. Most reports rely on autopsy series
or single-case reports, which makes it difficult to evaluate any
biological characteristics or mechanisms of this disease. The
aim of this study was to gain some biological insight into this
kind of tumor spread by evaluating the expression of E-
cadherin, the proliferation determined by Ki-67 and LVI in
primary breast carcinomas and their associated abdominal
secondaries. ILC and IDC cancers are two distinct breast cancer
entities, with different clinical courses and biological
phenotypes (20). In the present analysis, 9/12 of the primary
tumors as well as the associated abdominal metastases, were
positive for E-cadherin. These results suggest that abdominal
metastases are more likely to be found in carcinomas with a
IDC biology. Based on routine histological workup seven
carcinomas were classifed as being ILCs. Immunhistochemical
results revealed that four of these ILCs were E-cadherin-positive
and therefore, in fact, belonged to the IDC subtype. All of these
four carcinomas showed the classic Indian-file growth pattern,
were positive for estrogen and progesterone receptors and
negative for HER2/neu. All of these factors determine classic
ILC and might have restrained the pathologist from diagnosing
an IDC subtype (20-23). 
E-Cadherin is one of the most important molecules in cell cell
adhesion in epithelial tissues. The loss of E-cadherin has been
hypothesized to be one of the major mechanisms during tumor
cell dissemination (10, 11). Down-regulation of E-cadherin is a
characteristic of the EMT, which represents the first step of
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Table I. Tumor characteristics at the time of the diagnosis of primary
disease (n=12).

Characteristic No.

Histology Invasive lobular carcinoma* 7
Invasive ductal carcinoma* 5

T 1 2
2 3
3 3
4 2

X† 2
N 0 1

1a 2
2a 2
3a 3

cN1 1
X‡ 3

M 0 7
1 5

G 1 0
2 6
3 6

ER Positive 7
Negative 5

PR Positive 6
Negative 6

HER2/neu Positive 3
Negative 9

*Based on histomorphological criteria. †In two cases patients were
diagnosed with synchronous distant metastasis and subject to palliative
chemotherapy without excision of the tumor. ‡In three cases patients
were diagnosed with synchronous distant  metastasis and subject to
palliative chemotherapy without an axillary dissection. ER: Estrogen
receptor; PR: progesterone receptor.

Figure 1. Localization of abdominal metastases (n=12).



metastatic progression (11). Our findings might be explained by
a transient down-regulation of E-cadherin during metastatic
progression. This mechanism would allow tumor cells to invade
surrounding vessels or tissues for dissemination, prior to a
restoring of E-cadherin to enable metastatic accumulation and
adhesion. A similar mechanism of transient E-cadherin down-
regulation has been postulated by Rubin in prostate cancer (24).
Further evidence of E-cadherin re-expression in metastatic
breast cancer is given by a study by Bukholm and co-workers
(25). Characterization of the underlying mechanisms on the
transcriptional level would open-up the possibility of developing
antitumor and anti-invasion strategies aimed at the functional
up-regulation of E-cadherin in breast cancer (26). In contrast,
in the present study, abdominal metastasis was an earlier event
in E-cadherin-positive cases (37 months) compared to E-
cadherin-negative ones (90 months). These results suggest that
negativity for E-cadherin at the time of diagnosis is a favorable
marker for delayed abdominal spread. Finally, our findings may
also suggest that the common assumption that metastatic spread
to the abdomen appears predominantly in ILC is wrong. This
might be due to the fact that in former studies, the classification
of the lobular tumor type was mainly based on the
histomorphological description of an Indian-file pattern as a
classical feature of ILC. The fact that the majority of primary
tumors in our study were E-cadherin-positive, weakens the
hypothesis that the loss of this specific adhesion molecule is the
major reason for this particular pattern of metastatic spread.
This assumption is supported by the finding that overall, only
few ILCs finally metastasized to the abdominal cavity. LVI of
isolated tumor cells has been shown to be the major route for
regional lymph node and distant metastasis (27). Previous
studies have demonstrated a significant correlation of LVI with
local recurrence and axillary lymph node and distant metastasis
(28-30). Thus, patients with LVI have a greater risk of a poorer
outcome with respect to disease-free and overall survival. In
2005, the presence of peritumoral (lympho)-vascular invasion
was included as an adverse prognostic factor in the St. Gallen
risk categories (31). Recently, our study group was able to
demonstrate significantly better detection rates of LVI in early-
stage breast cancer, by immunostaining with D2-40 compared
with routine hematoxylin-eosin staining (17). In the present
study, no primary tumor and only two out of 12 abdominal
metastases exhibited LVI after immunostaining with D2-40.
These results demonstrate that lymphatic dissemination is unlike
in abdominal metastasis of breast cancer. On the other hand,
positive axillary lymph nodes at the time of primary diagnosis
were found in eight out of 12 investigated patients,
demonstrating the aggressive metastatic behavior of the
investigated tumors. Thus, abdominal metastasis may be based
on spread via tumor-associated blood vessels or metastatic
spread from positive lymph nodes to distant organs via the
thoracic duct and the left subclavian vein, or via blood vessels
within metastatic lymph nodes (32). A high value of Ki-67 is a

marker for aggressive tumors and poor prognosis (33;34). In the
present study, Ki-67 values were a median of 20% in the
primary tumor and 30% in the abdominal metastases. E-
Cadherin-positive primaries had a median Ki-67 value of 20%
for the primary tumors and 40% in the abdominal metastases.
Lower Ki-67 levels were found for the E-cadherin-negative
group, at with 17.5% and 15%. Thus, E-cadherin-negative
tumors tended to be associated with a lower proliferative index.
This is in concordance with previous studies that demonstrated
lower levels for Ki-67 in ILCs (35, 36). Nevertheless, Ki-67
being above 14%, both subgroups belonged to the highly
proliferative (high-risk) group according to the latest St. Gallen
International Expert Consensus (37), which might explain the
tendency to metastasize in the investigated cases. This single-
institutional study is limited by the relatively small number of
patients. However, compared to the few existing case reports
describing abdominal metastasis in breast cancer, our results
may be the basis for further insights into the development and
the biology of abdominal metastasis in breast cancer. Further
trials investigating the genetic background and proteomic
behavior of abdominal disease in breast cancer are necessary to
gain deeper insights into this unfavorable kind of tumor spread.
Based on the rare incidence of abdominal metastasis from breast
cancer, multicenter analyses should be implemented to achieve
an appropriate and confident number of cases, which might be
the basis for prospective studies and clinical trials.
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