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Introduction

Resistance to trastuzumab, either primary/de novo resistance or acquired/treatment-induced
resistance, is a major clinical concern facing breast oncologists today.! Here, we describe
two cases of human epidermal growth factor receptor 2 (HER2)-positive breast cancer (BC)
with a mucin-producing component that were presumably resistant to trastuzumab.

Case Reports

Casel

In 2004, a 57-year-old woman had a diagnosis of metastatic inflammatory BC. Biopsy of the
left breast revealed infiltrating ductal carcinoma (IDC) with a mucin-producing component,
histologic grade 3, estrogen receptor (ER)-positive, progesterone receptor (PR)-negative, and
HER2-positive. Three liver lesions consistent with metastases were found by computed
tomography (CT) scan. The patient was started on chemotherapy with carboplatin,
docetaxel, and trastuzumab. After six cycles of chemotherapy, clinical and radiologic
evaluation of the disease showed a complete response of the liver lesions, but a poor
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response in the breast and lymph nodes. A left modified radical mastectomy was performed
in view of the complete resolution of the liver lesions. Pathology revealed that the entire
breast, including nipple and skin, was replaced by IDC. Lymphovascular invasion was
present, and 9 of 13 axillary nodes were positive for metastases. Of note, the tumor was
characterized by a large colloid-producing component (Figure 1A) and was stage pT4d pN2
pMx, ER-positive, PR-negative, and HER2-positive. After surgery, the patient was treated
with adjuvant radiotherapy of the chest wall and supraclavicular fossa (5040 cGy) and
started on maintenance therapy with trastuzumab and anastrozole.

In 1990, a 29-year-old woman was diagnosed with a stage Il IDC of the right breast. ER,
PR, and HER2 expression was unknown. She was treated with lumpectomy and axillary
lymph node dissection, followed by adjuvant chemotherapy with doxorubicin and
cyclophosphamide and radiotherapy. When she was 41 years old, she developed a
contralateral stage 111 (pT1c pN3), histologic grade 3, ER- and PR-positive, and HER2-
negative IDC. A left modified radical mastectomy was performed, and she was started on
adjuvant chemotherapy with doxorubicin and cyclophosphamide, followed by weekly
paclitaxel. Then, she received chest wall irradiation and was started on hormone therapy
with tamoxifen. After 2 years, because of diffuse skeletal pain, a workup for metastatic
disease was performed which revealed a diagnosis of right supraclavicular lymph node
involvement and bone metastases. She underwent multiple sequential palliative treatment
lines including capecitabine, weekly paclitaxel, gemcitabine, and abraxane in combination
with bevacizumab. During this period she also received zolendronic acid every 3 months and
goserelin monthly. After 4 years of treatment she began to experience shortness of breath
and fatigue. A positron emission tomography (PET)/CT scan showed diffuse metastatic
disease in bone, liver, and lung lesions. A liver biopsy was consistent with metastasis of ER-
and PR-negative, HER2-positive BC. Thus, the patient was treated with carboplatin,
docetaxel, and trastuzumab. A restaging PET/CT scan after four cycles showed complete
resolution of skeletal metastatic tumor activity and a marked decrease in hepatic tumor
activity, and stable lung disease. A decrease of tumor marker Ca 15.3 was also noted (from
1485.0 to 251.7 U/mL). Because of the mixed response to ongoing treatment, a lung
transbronchial biopsy was performed and pathology revealed ER- and PR-negative, HER2-
positive BC metastasis characterized by an abundant mucinous component (Figure 1C and
D). Treatment with lapatinib and capecitabine was started, but the patient did not respond
and died two months later from progressive disease.

Discussion

Mucinous carcinomas constitute a distinct and significantly rare pathologic entity accounting
for only approximately 2% of BCs. The definition of this type of tumor requires a mucinous
component of > 50% of the lesion.23 However, when a component of ductal carcinoma
prevails over a mucinous component, the diagnosis of mixed mucinous carcinoma has to be
made.? In the first case presented, the tumor lesion was characterized by a large mucinous
component and by a high grade IDC. Because mucinous carcinomas have a good prognosis,
showing lymph node involvement in only 12% of cases, ER positivity in 94%, PR positivity
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in 81.5%,> and HER2 overexpression in 4%-7% of tumors,® the aggressive phenotype of
BC, in our patient, was probably because of the IDC. In the second case, an organ-specific
differentiation of BC was noted; in fact, histology of the primary tumor was different from
that of the lung metastases. Changes in pathologic features have been described between
primary BC and metastases,8 and before and after neoadjuvant chemotherapy.®

The two cases were HER2-positive, and, even though at different points in the natural
history of the disease, they were treated with trastuzumab. In both cases, a mixed response to
combined treatment with chemotherapy and trastuzumab was documented. In the first
patient, a complete response of liver metastases occurred, although the treatment was
ineffective in the breast and axillary lymph nodes. In the second case, there was a good
response of all metastatic sites, except in the lungs. Possible molecular mechanisms of
trastuzumab resistance include loss of phosphatase and tensin homolog activity, down-
regulation of p27, a circulating HER2 extracellular domain, activation of insulin-like growth
factor | receptor, and overexpression of mucins (MUC), especially MUC-4.10-12 MUC-4 is
expressed in approximately 30% of BCs!3 and can be responsible for trastuzumab resistance
via two mechanisms: (1) forming complexes with members of the ErbB family and
sequestering them with reduced binding of trastuzumab!415; and (2) decreasing antibody-
dependent cell-mediated cytotoxicity, one of the known mechanisms of action of
trastuzumab, by blocking the accessibility of the tumor antigens to the cytotoxic immune
cells.1 Staining for MUC-4 was possible only for the first case, and it was consistent with
overexpression of MUC-4.

In both cases, it is possible to recognize a common feature: the large mucinous component
present in the breast tissue of the first case (Figure 1A) and in lung metastases of the second
case (Figure 1C and D). Our hypothesis is that the mucin acted as a barrier against
trastuzumab, contributing to resistance to trastuzumab beyond the other possible
mechanisms described above. In fact, mucins have a central role in maintaining homeostasis
and protecting the luminal surfaces of epithelium-lined ducts in the human body. In our
cases, this ability could represent the modality that the BC used to escape from the action of
ongoing combined treatment with chemotherapy and trastuzumab.

Conclusion

The clinical problem of trastuzumab resistance is important, because patients who
experience it do not have the same benefit derived from this targeted therapy compared with
nonresistant patients. Early identification of these patients and an understanding of the
mechanisms responsible for this resistance are imperative, so that their therapeutic options
can be changed as soon as possible.
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Clinical Practice Points

The human epidermal growth factor receptor 2 (HER2) is overexpressed in
20%-25% of invasive breast cancer (BC) and is associated with a poor
prognosis and resistance to certain chemotherapeutic agents. Treatment with
trastuzumab, a recombinant humanized monoclonal antibody directed against
the extracellular domain of the HER2 protein, improves outcomes of HER2-
positive BC. However, a significant proportion of patients treated with
trastuzumab either do not respond initially or relapse after experiencing a period
of clinical response.

We present 2 cases of patients with metastatic HER2-positive BC, in whom the
presence of a mucin-producing component impaired the effectiveness of
trastuzumab.

Early identification of tumors resistant to trastuzumab and an understanding of
responsible mechanisms are imperative in the care of patients with HER2-
positive BC so that their therapeutic management can be changed as soon as
possible. Because the presence of a mucinous component could act as a barrier
against trastuzumab, surgical resection of disease should be considered early in
cases of BC that have this pathologic feature. In addition, metastatic sites could
become differentiated further during treatment, leading to increased production
of mucin and acquired resistance to trastuzumab therapy.
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Figure 1.
(A) Invasive ductal carcinoma with a wide mucin-producing component (inside the red

circle; scale bar: 100 xm). (B) Computed tomography scan shows multiple lung lesions
(indicated by arrows). (C) and (D) Lung metastasis of HER2-positive (C, red arrow; scale
bar: 100 gm) and Thyroid Transcription Factor-1-negative BC (D, scale bar: 100 x/m) with
colloid-producing phenotype (inside the red circle; scale bar: 100 xm)
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