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ABSTRACT

Mucinous carcinoma (MC) is a rare subtype of breast cancer, which is composed of tumor cells 

�oating in the abundant extracellular mucin. This form of cancer is usually estrogen receptor/

progesterone receptor positive and human epidermal growth factor receptor 2 (HER2) negative. 

Here, we present a case of HER2-positive MC with an unusual signet ring cell di�erentiation. 

It is very rare that a breast tumor consists entirely of signet ring cells. The tumor showed 

pathologic complete response (pCR) a�er neoadjuvant chemotherapy with trastuzumab and 

pertuzumab. pCR of HER2-positive MC has rarely been described in literature. It is important 

to consider the biological heterogeneity of MCs for e�ective management.
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INTRODUCTION

Mucinous carcinoma (MC) is characterized by clusters of �oating tumor cells in extracellular 

mucin pools [1]. A tumor comprised of > 90% of MC is called pure mucinous carcinoma 

(PMC). PMC is a rare subtype accounting for up to 2% of all breast cancer cases [1]. The 

typical immunopro�le for PMC is estrogen receptor (ER) and/or progesterone receptor (PR) 

positivity and human epidermal growth factor receptor 2 (HER2) negativity [1].

HER2 overexpression occurs in 15%–20% of invasive breast cancers [2]. However, HER2 

overexpression is a rare event in PMC and has been reported in only 2.6%–9% cases [3-

6]. Here, we describe a case of HER2-positive PMC with unusual histology of signet ring 

cell di�erentiation, which showed pathologic complete response (pCR) a�er neoadjuvant 

chemotherapy (NAC) with trastuzumab and pertuzumab.
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CASE REPORT

A 35-year-old woman visited a local hospital due to a palpable mass in her right breast. It had 

been initially discovered one year ago during her pregnancy. Her past medical history was 

unremarkable. Ultrasound examination showed a 5.5 cm mass in the lower outer quadrant 

of the right breast. The patient underwent core needle biopsy. She visited Samsung Medical 

Center for a second opinion. Magnetic resonance imaging (MRI) revealed a 5.5 cm mass with 

adjacent satellite lesions measuring 0.7 and 0.8 cm and multiple enhanced lymph nodes in 

the axillary levels I and II (Figure 1A). The initial clinical stage was characterized as T3N2. 

Microscopically, solid tumor cell nests were found �oating in mucin pools (Figure 1B). The 

tumor consisted of signet ring cells with peripherally displaced nuclei due to intracellular 

mucin (Figure 1C). Tumor necrosis was present focally. Nuclei were hyperchromatic and 

showed marked size variation. Frequent mitosis was observed, up to 6 per 1 high power 

�eld. Tumor cells were ER negative (Figure 1D), PR weakly positive, and HER2 positive (3+) 

(Figure 1E). The Ki-67 labeling index was 30%. Tumor cells were positive for p53, weakly 

positive for epidermal growth factor receptor, and did not express cytokeratin 5/6. They also 

expressed E-cadherin and GATA binding protein 3 (GATA-3) as well as gross cystic disease 

�uid protein 15 (GCDFP-15), which was weakly positive in a few tumor cells (Figure 1F). An 

18-�uorodeoxyglucose-positron emission tomography scan showed no signi�cant uptake 

except in the breast mass and axillary lymph nodes. Fine needle aspiration of suspected 

lymph nodes was negative for malignancy. The �nal pathologic diagnosis made was that of 

mammary MC with signet ring cell di�erentiation.
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Figure 1. Magnetic resonance imaging and microscopic findings before neoadjuvant treatment. (A) Axial T2-weighted image shows a well-enhanced mass in the 

right breast. (B) Core biopsy specimen shows tumor cell clusters floating in extracellular mucin pools (hematoxylin and eosin, magnification × 40) (C) Tumor 

showed extensive signet ring cell differentiation with high grade nuclear features, frequent mitosis, and tumor necrosis (hematoxylin and eosin, magnification × 

400) (D, E, F). Tumor cells were negative for ER (D), positive for HER2 (E), and focally expressed GCDFP-15 (magnification × 200). 

ER = estrogen receptor; HER2 = human epidermal growth factor receptor 2; GCDFP-15 = gross cystic disease fluid protein 15.
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The patient received 6 cycles of docetaxel 75 mg/m2, carboplatin 600 mg (area under the curve 

5), trastuzumab 6 mg/kg, and pertuzumab 420 mg with prophylactic pegylated granulocyte 

colony-stimulating factor. MRI a�er NAC revealed a 4.4 cm mass with extensive cystic changes 

and no enhanced solid portion in the right mid-outer breast (Figure 2A). She underwent right 

breast-conserving surgery with sentinel lymph node biopsy. The excised section of the surgical 

specimen showed a well-demarcated gelatinous mass, measuring 4.9 × 4.1 × 3.2 cm. The entire 

mass was embedded for pathologic examination. Microscopic examination revealed bluish 

mucinous material only with no viable tumor cells (Figure 2B). All resection margins were 

clear, and all six lymph nodes showed no metastasis. A�er the operation, she received adjuvant 

trastuzumab and tamoxifen treatment, in addition to radiation therapy. Currently, she is well 

with no signs of recurrence at 19 months a�er operation.

DISCUSSION

MC is characterized by nests of tumor cells �oating in lakes of extracellular mucin [1]. There 

are 2 subtypes of MC according to the proportion of the mucinous component [1]. PMC is 

composed of > 90% of the MC component, whereas mixed mucinous carcinoma (MMC) 

contains 50%–90% of the MC component [1]. PMC usually occurs in patients above 55 

years of age and is associated with good prognosis, whereas MMC has poor prognosis [1]. 

Histologically, PMC is typically low grade, positive for ER and/or PR, and negative for HER2 

[1,6]. However, there are rare cases of high grade, ER/PR negative, or HER2-positive PMCs. 

There are several studies that have shown that ER/PR negativity and high grade are associated 

with lymph node metastasis and poor prognosis in PMC [7,8]. HER2 overexpression is a rare 

event in PMC, with only 2.6% to 9% prevalence [3-6]. In a recent genomic analysis of stage 

IV PMC, 5 of 22 (23%) patients exhibited genomic alteration of HER2 (3 with ampli�cation, 

1 with both ampli�cation and mutation, and 1 with mutation), a statistically higher rate than 

non-metastatic PMC [9].

In the present case, histologic features were unusual. Almost the entire tumor from 

the core biopsy consisted of signet ring cells. According to the recent World Health 

Organization classi�cation, carcinoma with signet ring cell di�erentiation is no longer a 

single independent entity [1]. Signet ring cell di�erentiation can be found, usually focally, 

in invasive lobular carcinoma, invasive ductal carcinoma, MC, and metaplastic carcinoma 
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Figure 2. Magnetic resonance imaging and microscopic findings after neoadjuvant chemotherapy with 

trastuzumab and pertuzumab. (A) T2-weighted imaging shows a mass showing cystic change. (B) Surgical 

specimen reveals only mucin pools with no viable tumor cells (hematoxylin and eosin, magnification × 200).
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[1,10]. Earlier studies suggested poor prognosis for signet ring cell carcinoma of the breast 

[11]. However, there had been no strict criteria for signet ring cell carcinoma. In a case series 

analysis of carcinoma with signet ring cell di�erentiation, it was seen that the proportion of 

signet ring cells in MC was focal, ranging between 8%–17% of the entire tumor [10]. It is very 

rare for a breast tumor to consist exclusively of signet ring cells. In such a case, care should 

be taken to rule out the possibility of metastasis, especially from gastric signet ring cell 

carcinoma. Evaluation of GATA-3 and GCDFP-15, which are expressed in breast cancers, are 

necessary for di�erential diagnosis. In this case, the presence of di�use GATA-3 staining and 

focal GCDFP-15 staining supported a mammary origin.

We found 2 previous reports with similar histologic features [12,13]. All three cases, including 

this case, were histologically PMC with extensive signet ring cell di�erentiation, of high 

grade, negative or weakly positive for ER and/or PR, strong HER2 expression, and a high Ki-

67 proliferation index. With these unusual features, MC with signet ring cell di�erentiation 

can be considered as an aggressive variant of MC. Similarly, recent studies have revealed that 

mucinous micropapillary carcinoma is an aggressive variant of MC [5].

The patient achieved pCR a�er NAC with trastuzumab and pertuzumab. Baretta et al. [14] 

reported resistance to trastuzumab in 2 advanced cases of HER2-positive MC and suggested 

that mucin might have acted as a barrier to trastuzumab. However, they used a di�erent 

criterion of more than 50% of MC component and two cases consisted of invasive ductal 

carcinoma components as well. In this case, the tumor achieved pCR in spite of abundant 

extracellular mucin. Although the clinical settings are much di�erent, the pCR in this case 

might suggest that mucin might not act as a barrier, at least, in some of the HER2-expressing 

MC. A recent study has also demonstrated markedly decreased cellularity a�er NAC in MC, 

although abundant mucin pools remained [15].

In summary, we described a PMC which showed unusual histologic as well as biologic 

features, i.e. signet ring cell di�erentiation, high grade, HER2 positivity and high 

proliferation. pCR was observed a�er NAC with trastuzumab and pertuzumab. It is 

important to consider the biologic heterogeneity of PMCs to ensure adequate treatment.
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