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Abstract: Invasive micropapillary carcinoma (IMPC) is a novel type of breast cancer which
is potentially very aggressive and may show early lymphatic infiltration. Monosomy of
chromosome 17 (m17) is rare in breast cancer, and according to the 2018 guidelines of the
American Society of Clinical Oncology/College of American Pathologists, the decision to
administer trastuzumab treatment should be made based on positive human epidermal growth
factor receptor 2 results by immunohistochemistry. Here, we report a rare case of bilateral
local advanced IMPC involving m17. A 33-year-old woman found a mass measuring 30 mm
on the left breast that increased to 100 mm over 3 months. A diagnosis of IMPC was made
based on the findings of core needle biopsies of bilateral breast masses and left axillary
lymph node, and m17 was detected by fluorescence in situ hybridization (FISH). The patient
underwent 6 cycles of neoadjuvant chemotherapy (docetaxel, epirubicin, and cyclophospha-
mide) and left-side modified radical mastectomy, left axillary lymph node dissection, right
breast-conserving surgery, and right sentinel lymph node biopsy. Postoperative pathologic
analysis of both breasts revealed IMPC, and m17 was confirmed by FISH. The patient
received radiotherapy and endocrine therapy but rejected trastuzumab treatment. The patient
was still alive at the 30-month follow-up, without recurrence or metastasis. Our findings
suggest that loss of chromosome 17 may influence prognosis or therapeutic response, which
needs to be further confirmed.

Keywords: human epidermal growth factor receptor 2, breast cancer, fluorescence in situ
hybridization, chromosome enumeration probe 17, CEP17

Introduction

Invasive micropapillary carcinoma (IMPC), described as an invasive papillary cancer
with an exfoliative appearance,' was first described by Siriaunkgul and Tavassoli in
1993 as a rare subtype of epithelial breast tumor. These authors proposed the recogni-
tion of “invasive micropapillary carcinoma of the breast” as a novel entity with a
potentially high degree of aggressiveness; it was listed in the 2003 World Health
Organization histologic classification of tumors of the breast as an invasive
carcinoma.”*

The gene encoding human epidermal growth factor receptor 2 (HER?2) is located
on the long arm of chromosome 17 (17q11.2—q12.0); its amplification is generally
associated with overexpression of the oncoprotein.”® Monosomy of chromosome
17 (m17) is observed in 1.4% of breast carcinoma cases.” HER2-amplified breast
cancer combined with m17 may exhibit unique prognostic or therapeutic response
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profiles compared to other HER2-positive tumors.® In this  enumeration probe 17 (CEP17) monosomy in accordance
report, we describe the clinical features of a case of bilat-  with CARE guidelines,” with the aim of facilitating the
eral breast cancer of the IMPC type with chromosome diagnosis and treatment of this rare malignancy.

Figure | Photos of the patient before and after 6 cycles of neoadjuvant chemotherapy. (A) Before neoadjuvant chemotherapy, the skin of the left breast was mildly inflamed;
the left nipple was inverted; and a hard, palpable mass was present in the left central breast. (B) After 6 cycles of chemotherapy, the size of the mass in the left breast was
significantly reduced. Drawings show the lesion of interest.
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Figure 2 Ultrasound (US) imaging of the left breast and left axilla. (A) Before neoadjuvant chemotherapy, US examination of the left breast mass showed a hypoechoic lesion
with inhomogeneous internal echoes. (B) US of left axillary lymph nodes before neoadjuvant chemotherapy showed enlargement and cortical thickening. (C) After 6 cycles
of chemotherapy, the size of the mass was significantly reduced. (D) Lymph node size was reduced and the shape nearly returned to normal after chemotherapy.
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Case Report

A 33-year-old woman without pain or fever detected a firm
mass measuring 30 mm on the central part of the left breast,
which quickly grew to a size of 10070 mm in 3 months.
During this period she did not receive any treatment. The
patient had a 6-year-old son and no family history or history
of medication or psychosocial issues. Physical examination
revealed a 150x120 mm mass in the central quadrant of the
left breast that caused the nipple to retract (Figure 1A).
Superficial lymph nodes in both axillae were not significantly
enlarged, and no masses were detected in the right breast. An
ultrasound (US) examination revealed a low-echoic lesion in
the left breast whose size was too large to estimate
(Figure 2A), while no hypoechoic mass was observed in
the right breast. There were 6 enlarged lymph nodes in the
left axilla with an indistinct medullary boundary (Figure 2B).

Mammography revealed dense glands in both breasts that
were asymmetrically distributed. Diffuse, microscopic calci-
fications and spiculated masses were present throughout the
left breast (Breast Imaging—Reporting and Data System 4),
and spiculated masses were also observed in the right breast.
Breast magnetic resonance imaging (MRI) imaging revealed
heterogeneous enhancement of the left breast with nipple
inversion. Strikingly, there was an ovoid, poorly defined
mass in the upper quadrant of the right breast; although
visible enhancement was observed by MRI (Figure 3A—C),
the color Doppler US examination result was negative.
Staging workups including chest and brain computed tomo-
graphy, liver US, and whole-body bone scintigraphy were
negative for metastatic disease.

Core needle biopsy of bilateral breast masses suggested
IMPC, while cytologic detection of metastatic breast

Figure 3 Magnetic resonance imaging (MRI) before and after chemotherapy. (A) Diffusion-weighted imaging (DWVI) before chemotherapy. The signal in the left breast and
inner side of the right breast showed heterogeneous enhancement. (B) Arterial phase of enhanced MRI before chemotherapy. Both breasts were composed of
asymmetrically distributed dense glands. The whole left breast was markedly enhanced. (C) Time-intensity curve of dynamic contrast enhancement of left breast mass
before chemotherapy (outflow type). (D) DWVI after chemotherapy. The signal in the left breast and inner side of the right breast showed heterogeneous enhancement that
was weaker than before chemotherapy. (E) Arterial phase of enhanced MRI after chemotherapy. Compared to before chemotherapy, the size of lesions in the left breast and
upper quadrant of the right breast were significantly reduced. (F) Time-intensity curve of dynamic contrast enhancement in the left breast mass after chemotherapy (plateau
type).
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carcinoma in the left axillary lymph node yielded positive
findings (Figure 4A—C). Immunohistochemistry (IHC) of the
left breast showed that cancer cells were positive for estrogen
receptor (ER), progesterone receptor (PR), and HER2 (2+)
(Figure 5A); fluorescence in situ hybridization (FISH)
revealed m17 (Figure 5C); and the Ki-67 proliferation index
was 20%, with similar IHC and FISH results obtained for the
right breast mass (Figure 5B, D). The pathologic diagnosis
was locally advanced, stage IIIA cancer (cT3N1MO) in the left
breast and stage A cancer (cTINOMO) in the right breast. The
patient received neoadjuvant chemotherapy consisting of doc-
etaxel (120 mg), epirubicin (140 mg), and cyclophosphamide
(800 mg) every 21 days for 6 cycles.

During the treatment course, the size of the tumor
decreased significantly as a result of neoadjuvant chemother-
apy as determined by physical examination, US, and breast
MRI (Figures 1-3, 4D-F), and there were no severe adverse
effects. We recommended mastectomy on the left side with
immediate breast reconstruction but this was rejected by the

patient, who instead elected to undergo left-side modified
radical mastectomy, right breast-conserving surgery, and
right sentinel lymph node biopsy. The results of pathologic
analysis of the left breast mass were consistent with che-
motherapy-associated changes in IMPC, which occupied a
large area and could not be evaluated in terms of size.
Dissected left axillary lymph nodes showed 12 of 16 signs of
metastasis. The left breast mass was positive for ER, PR,
HER2 (2+), Ki-67 (20%), and epithelial membrane antigen
(EMA) by IHC. The right-side lesion was determined as
multifocal IMPC (0.5-2 mm in diameter). There was no
metastasis in the sentinel lymph nodes. The right breast mass
was positive for ER, PR, HER2 (2+), and EMA by IHC, and
the Ki-67 proliferation index was 10%. FISH confirmed m17
on both sides. Postoperatively, the patient received radiation
therapy and ovarian function suppression plus aromatase inhi-
bitor therapy but refused trastuzumab treatment. At the 30-
month follow-up, the patient was still alive and there was no
evidence of metastasis (Figure 6).
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Figure 4 Images of core needle biopsy and histologic analysis by hematoxylin and eosin staining (100% magnification). (A) Left breast biopsy. (B) Right breast biopsy. (C)
Epithelial membrane antigen (EMA) in left lymph node biopsy. (D, E) After chemotherapy, there were fewer cancer cells in the left breast (D), while interstitial fibrosis,
nuclear enlargement, vacuolation, and number of cells with eosinophilic cytoplasm were increased. (F) Inflammatory cell infiltration after chemotherapy.
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Figure 5 Human epidermal growth factor receptor 2 (HER2) expression detected by immunohistochemistry (IHC) (100% magnification) and fluorescence in situ
hybridization (FISH) (400 magnification). (A, B) HER2 positivity of left (A) and right (B) breast cancers as detected by IHC. (C, D) Monosomy of chromosome 17 of

left (C) and right (D) breast cancers detected by FISH.

Discussion

IMPC is characterized by early lymph node metastasis and
progression, which is the reason for the late-stage diagno-
sis in our patient. Based on the pathologic characteristics,
we speculated that the right breast cancer was caused by
metastasis from the left side. HER2 protein localization in
IMPC deviates from the circumferential pattern that is
often seen in nonspecific invasive breast cancer. Among
21 cases of IMPC that were identified as HER2-amplified

Neoadjuvant
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Ultrasound

MRI
evaluation

by FISH, 9 were IHC 1+'®!'" This may be due to the
distinct IHC staining pattern in IMPC, especially at cell-
cell contacts or the basolateral membrane in micropapil-
lary structures, in contrast to the typical staining of the
cytoplasmic membrane facing the stroma in invasive duc-
tal carcinoma not otherwise specified (IDC-NOS)."?
Therefore, even when IMPC is HER2-positive by THC,
FISH should be performed to determine whether there is
HER?2 gene amplification.

" Follow up
Apri 2017 Jan 2020
Radiotherapy
OFS+Aromatase Inhibitor
therapy

Left breast mass Ultrasound Left modified radical mastectomy and No recurrence
MRI left axillary lymph node dissection
Biopsy Right breast conserving surgery and
FISH right sentinel lymph nodes biopsy

Invasive micropapillary carcinoma CEP17 monosomy

CEP17 monosomy

Figure 6 Timeline of patient’s clinical course. Relevant events in the patient’s medical history are shown in chronologic order.
Abbreviations: MRI, magnetic resonance imaging; FISH, fluorescence in situ hybridization; OFS, ovarian function suppression; CEP17, chromosome enumeration probe 17.
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A retrospective multicenter study of 534 patients with
IMPC or IDC-NOS found that while 5- and 10-year over-
all survival rates were similar between the cohorts (both
>90%, p=0.67), recurrence-free rate at 2 years was lower
for IMPC than for IDC-NOS (p=0.007)."* An analysis of
327 IMPC and 4979 IDC patients who underwent primary
resection between 2008 and 2012 reported no differences
in overall survival (p=0.752) or disease-free survival
(p=0.578) between cohorts.'* Another study found that
IMPC is more aggressive and has worse prognosis than
IDC irrespective of the molecular subtype, which may be
attributable to the higher incidence and greater aggressive-
ness of tumor—node—metastasis stage IIT tumors.'’

According to the 2013 guidelines American Society of
Clinical Oncology/College of American Pathologists
(ASCO/CAP), cases with a HER2/CEP17 ratio >2.0 and
mean HER2 signals/cell <4.0 should be reported as
HER2-positive based primarily on the results of the
Herceptin Adjuvant clinical trial.'® This subset of patients
showed no obvious trend of nonresponsiveness to HER2-
targeted therapy.'” Many studies have since investigated
whether these patients should be considered as having
HER?2 amplification and would thus benefit from trastu-
zumab therapy. A recent study in which patients with
HER2-amplified m17 breast cancer were treated with
trastuzumab yielded results that were similar to those of
a large Phase III adjuvant trastuzumab trial of HER2-
positive patients, supporting the key role of HER2-tar-
geted therapy in this patient population,'® although it did
not specifically evaluate cases with HER2 copy number
<4.0. According to the 2018 ASCO/CAP guidelines,
cases that are IHC 2+ with HER2 signals/cell <4.0 and
HER2/CEP17 ratio >2.0 should be diagnosed as HER2-
negative. "’

HER?2 signals/cell <4.0 and HER2/CEP17 ratio >2.0
are frequently observed in conjunction with chromosome
17 copy number variation (ie, true monosomy or loss of a
portion of chromosome 17).'"® When 10 samples with
HER2 signals/cell <4.0 and HER2/CEP17 ratio >2.0
were retested with an alternative chromosome 17 probe
(D17S122), 10% had HER2/D17S122 ratio >2.0 and
HER?2 signals/cell >4.0; 40% had HER2/D17S122 ratio
<2.0 and HER2 and 50%
unchanged.'® These results were confirmed in another

signals/cell >4.0; were
report. The incidence of m17 was found to be 0.8%
using FISH to detect tumor protein P53 (TP53), retinoic
acid receptor alpha (RARA), and CEPI7*' or Smith-
Magenis syndrome (SMS), RARA, and TP53 genes.?**%*

Chromosome 17 contains additional genes that play a
critical role in breast cancer pathogenesis and DNA repair
including topoisomerase Il o (TOP2A4), breast cancer 1
(BRCAI), TP53, and Erb-B2 receptor tyrosine kinase 2
(ERBB2, encoding HER2). As such, loss of chromosome
17 may influence prognosis or therapeutic response.”**’
For example, TOP2A expression has been linked to sensi-
tivity to anthracycline; therefore, loss of TOP2A4 may
result in chemotherapy resistance.”® The mechanism of
doxorubicin resistance in IMPC has been investigated
using MCF-7 breast cancer cells cultured into 3-dimen-
sional spheroids.”” However, it remains to be determined
whether IMPC is sensitive to paclitaxel and anthracycline
chemotherapy.

IMPC has a unique growth pattern in which tumor cells
adhere to cell clusters. Therefore, IHC detection of HER2-
positive tumor cells may be insufficient for diagnosis, and
FISH should be performed to determine whether HER? is
amplified. Our case report also demonstrates that if the
tumor is on the inner side of the breast, the contralateral
breast should be examined because of the presence of
lymphatic branches in both breasts. A limitation of our
study is that the patient was treated with chemotherapy
and surgery from 2016 to 2017; anti-HER2 treatment
should have been administered in accordance with 2013
ASCO/CAP guidelines but was not carried out because the
patient could not afford the drug as it was not covered by
insurance. Another limitation is that we examined only 1
case, and were therefore unable to evaluate the clinical
significance of chromosome 17 deletion in IMPC.

Conclusion

The results of this study show that IMPC is a novel,
distinct type of breast cancer with a potentially high
degree of aggressiveness and early lymphovascular inva-
sion. If the cancer occurs on the inner side of the breast,
the contralateral breast should be examined because of the
presence of lymphatic branches in both breasts. m17 is
rare in breast cancer, and whether anti-HER2 treatment is
appropriate should be determined based on positive HER2
IHC results. Finally, chromosome 17 deletion may have
biological implications in terms of therapeutic response
and prognosis.

Patient’s Perspective

At first, I agreed to undergo neoadjuvant chemotherapy
because I did not want to lose my breasts, but at the end of
the 6 cycles of chemotherapy, the doctor told me that I
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could not keep my breasts in any case. I felt very sad.
Although the doctor strongly recommended anti-HER2
treatment, | refused it because of my family’s poor eco-
nomic situation.
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