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A Case of Rare Matrix-producing Triple-negative Breast
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Orthotopic Xenograft Mouse Model Was Correlated
With Patient Response
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Abstract. Background: Matrix-producing breast carcinoma
(MPBC) is a very rare and usually aggressive triple-negative
breast cancer. We successfully established a patient-derived
orthotopic xenograft (PDOX) model from a patient with MPBC
and used it to study tumor sensitivity to various agents. Case
Report: A 40-year-old woman was diagnosed with MPBC with
a triple-negative phenotype. Due to axillary lymph-node
metastases found during radical mastectomy, the patient was
subsequently treated with epirubicin, cyclophosphamide and
paclitaxel. In addition, radiotherapy was directed to the chest
wall and subclavicular fossa. A portion of the cancer tissue
from the mastectomy was used to establish a PDOX nude-
mouse model. The PDOX model was resistant to paclitaxel,
bevacizumab, vinorelbine, cisplatinum and olaparib, and
sensitive to eribulin. Metastases in mediastinal lymph nodes
and the right ovary were observed in the patient 14 months
after mastectomy. Thoracoscopic mediastinal lymph-node
biopsy and laparoscopic oophorectomy were performed, and
both confirmed breast-cancer metastasis. The patient was then
treated with paclitaxel and bevacizumab but no response was
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observed, which correlated with the inability of these drugs to
arrest tumor growth in the PDOX models of the patient’s tumor.
The patient was then given eribulin based on the PDOX-model
result, but treatment had to be stopped because of rapid
progression of metastasis into the cervical lymph nodes and
thyroid gland. The patient was subsequently treated with
atezolizumab and nab-paclitaxel. Unfortunately, the patient
died of her cancer 8 months after recurrence. Conclusion: The
present study demonstrates that the PDOX model of a patient’s
triple-negative MPBC accurately predicted that paclitaxel and
bevacizumab would not arrest the patient’s tumor growth.
Eribulin may have been effective if administered at an earlier
stage of the patient’s cancer course. Drug-screening results
from PDOX models should be used as early as possible in
order to improve patient outcome.

Matrix-producing breast carcinoma (MPBC) is an extremely
rare histological subtype of breast cancer (1). MPBC occurs in
0.1% of Japanese breast-cancer cases (2) and 0.03-0.2% of
cases worldwide (3). Most MPBCs are triple-negative, not
expressing estrogen receptor (ER), progesterone receptor (PgR)
or human epidermal growth factor receptor 2 (HER2). MPBC
is known to directly invade muscle cartilage or bone matrix
without the involvement of a spindle-cell component (4).

Predicting the efficacy of antitumor agents is an area of
great importance for individualized cancer therapy. Patient-
derived orthotopic xenograft (PDOX) models, in which the in
vivo human environment is closely mimicked by transplanting
intact cancer tissue orthotopically into immunodeficient mice,
have been used to identify both active and inactive drugs for
patient tumors (5). The first study of breast cancer with a
PDOX model was conducted by Fu et al. in 1993 (6).
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We previously successfully established a PDOX model of
a triple-negative chemoresistant MPBC and found that the
PDOX tumor was resistant to paclitaxel, bevacizumab,
vinorelbine, cisplatinum and olaparib and sensitive to
eribulin (7, 8). Eribulin was used for the treatment of the
present patient whose tissue was used for the PDOX model
but efficacy was not shown due to the rapid progression of
advanced disease. The PDOX model showed concordance
with the behavior of the patient’s tumor as both were
resistant to paclitaxel and bevacizumab.

Case Report

Findings on initial examination. The patient was a 40-year-
old woman who presented at the Kawasaki Medical School
with a left-breast mass that she had observed 1 month earlier.
Needle-biopsy analysis showed suspected metaplastic
carcinoma. A 2.6-cm mass was palpated in the upper-outer
quadrant of the left breast. The left-axillary lymph node was
not palpable.

An indistinct mass with pleomorphic microcalcification
was seen on mammography, and breast ultrasonography
showed a lobulated and hypoechoic mass that was well-
defined with a rough border and a somewhat heterogeneous
echo in internal structure was seen (Figure 1A). Contrast-
enhanced computed tomography (CT) revealed a ring-
enhanced shadow in the left breast, with no obvious
metastasis (Figure 1B). Contrast-enhanced breast magnetic
resonance imaging demonstrated a high-intensity ring-
enhanced lesion in the left breast (Figure 1C).

Based on these findings, the patient was diagnosed as
having a primary breast cancer and underwent left modified-
mastectomy and axillary lymph-node dissection. The
Institutional Ethics Committee of Kawasaki Medical School
approved PDOX studies (approval number 1975-7), and
written, informed consent was obtained from the patient. The
tissue used for the PDOX model was part of the tumor and
resected as an approximately 2x2 cm? block at the time of
mastectomy. A freshly-resected tumor specimen was
implanted into a large subcutaneous pocket in nude mice
using the method of Hozumi [described in (9)].

Pathological diagnosis. The resected tumor was a relatively
well-circumscribed invasive carcinoma, 17 mm in diameter.
It comprised trabecular cell nests. Viable cancer cells were
located on the periphery of the tumor, and a chondromyxoid
matrix was attached on the inside. The histological diagnosis
was metaplastic carcinoma (matrix-producing carcinoma)
(Figure 2). The nuclei were high grade and histological grade
was 3. Immunohistochemically, the tumor was triple-
negative. The Ki67 labeling index was 70.0%. Extensive
lymphovascular invasion was seen, and metastasis to two
axillary lymph nodes was observed.
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Figure 1. Matrix-producing breast carcinoma imaging findings. A:
Breast ultrasound sonogram showed a lobulated hypoechoic mass that
was well-defined with a rough border and heterogeneous echo in
internal structure. B: Contrast-enhanced computed tomography
revealed a peripheral ring enhancement (arrow) in the breast tumor. C:
Contrast-enhanced T2-weighted magnetic resonance imaging showed a
ring-enhanced appearance in the tumor (arrow).

Postoperative course. The patient received four courses of
epirubicin (100 mg/m?) and cyclophosphamide (750 mg/m?).
Thereafter, weekly paclitaxel (80 mg/m?) was started, but the
treatment was terminated because of severe neutropenia.
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Figure 2. Matrix-producing breast carcinoma microscopic findings
(hematoxylin and eosin staining). A: The tumor was relatively well-
circumscribed, and viable cancer cells were located on the periphery
(arrows) (x20). B: Invasive carcinoma, with trabecular cell nests, was
seen, and a chondromyxoid matrix was attached (arrows) (x100).

Radiotherapy with a total of 50 Gy was administered to the
chest wall and supraclavicular area. There were subsequently
no subjective symptoms, but chest and abdominal CT
performed at regular follow-up exams showed enlarged
mediastinal lymph nodes and a mass on the right ovary.
Positron-emission tomography/CT scanning also showed a
strong signal in the mediastinal lymph nodes and a mass on
the right ovary. Thoracoscopic mediastinal lymph-node
biopsy was performed, and the diagnosis was suspected
metastatic carcinoma expressing cytokeratins 7 and 20, but
not transcription-termination factor 1. Both ovaries were
removed by laparoscopic surgery. The right ovary was found
to have been totally replaced by metastatic tumor (Figure 3).
In addition, staining for programmed cell-death ligand 1
(PD-L1; clone SP142) was positive (1-4% of tumor-
infiltrating immune cells) at the metastatic site.

Figure 3. Metastatic carcinoma of the ovary. A: The right ovary was
enlarged and was totally replaced by metastatic tumor (arrows)
(hematoxylin and eosin staining, x20). B: The tumor histology was
consistent with metastatic breast carcinoma (arrows)(hematoxylin and
eosin staining, x200). C: Programmed cell-death ligand 1 (PD-LI;
clone SP142; x400) staining was positive for tumor-infiltrating immune
cells (black stain).
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Figure 4. Computed tomography images before (A, B) and after (C, D) eribulin therapy. A rapid enlargement of the thyroid gland (red arrows) and
cervical (yellow arrows) and mediastinal lymph nodes (blue arrows) was observed after eribulin therapy.

The patient then received combination paclitaxel with
bevacizumab therapy. Brain metastases were subsequently
found, and gamma-knife therapy was performed for the brain
metastases.

At this time, results from drug testing in the PDOX
model of the patient’s tumor became available and showed
that neither paclitaxel nor bevacizumab arrested the growth
of the PDOX tumor, consistent with results of the patient’s
therapy. Eribulin led to PDOX tumor regression (7, 8). A
single course of eribulin was administered to the patient.
However, rapid enlargement of the thyroid gland and
cervical and mediastinal lymph nodes was observed and
caused tracheal stenosis (Figure 4). Eribulin was probably
administered too late in the course of the patient’s disease
to be effective. Subsequent, atezolizumab combined with
nab-paclitaxel was given to the patient, based on PD-L1
positivity of the metastatic lesions. This treatment was also
ineffective, and the patient died of her cancer 8 months
after recurrence.
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Discussion

MPBC is an extremely rare histological subtype of breast
cancer with a unique morphology, which was first reported
by Wargotz et al. (1). In Japan, Kusafuka et al. reported the
prevalence of MPBC, among all invasive breast cancer cases,
as only 0.2% (2). The World Health Organization (fifth
edition) classifies MPBC as a metaplastic carcinoma with
mesenchymal differentiation (10). The characteristic imaging
findings of MPBC were reported to be rim enhancement on
CT and magnetic resonance imaging (11), and these findings
were observed in the present case.

Most MPBCs are negative for ER, PgR, and HER?2 (triple-
negative), as was the present case (11-13). Ouchi et al. reported
the Ki67 labeling index of nine MPBC cases to be in the range
of 20-90% (median value of 69%) (14). In the present case, the
Ki67 index was 70%. In addition, the metastatic lesion in the
ovary was positive for PD-L1 (1-4% of tumor infiltrating T-
cells). To the best of our knowledge, the present case is the first
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MPBC in which PD-L1 was evaluated. It was not possible to
fully judge the therapeutic effect of atezolizumab because it
was given to the patient just before she died. Further study of
atezolizumab in MPBC is indicated.

Wargotz et al. reported a 5-year survival rate of 68% for
patients with MPBC, which is worse than common invasive
ductal breast cancer (1). In contrast, a good prognosis was
reported in 10 cases by Krings et al. (15), in eight cases by
Yamaguchi et al. (16), and in 13 cases by Shui ef al. (12),
with no recurrence in any of these cases. None of the latter
three studies reported lymph-node metastasis, in contrast to
the present case.

The report compiling the largest number of cases of
MPBC is that of Downs-Kelly et al. (17), who found that
local recurrence and distant metastasis were significantly
more frequent in MPBC cases than in common invasive
ductal breast cancer.

The present case was a hepatitis B-virus carrier, receiving
tenofovir disoproxil fumarate to prevent the development of
fulminant hepatitis. Postoperative adjuvant therapy consisted
of four courses of epirubicin and cyclophosphamide followed
by radiotherapy of 50 Gy and three courses of weekly
paclitaxel. Paclitaxel therapy was suspended after three
courses due to severe neutropenia. Nonetheless, the time
until recurrence was short, at only 26 months after surgery
and 16 months after completion of paclitaxel.

The factors predicting the prognosis of MPBC were stated
by Wargotz et al. (1) and Rakha et al. (18) to include age,
tumor size, vascular invasion, and cell density. The present
case was a young patient with age at onset of 40 years.
Pathologically, the invasive diameter was 17 mm, but this
measurement was taken during surgery, following harvesting
of a 2x2 ¢cm? tumor block for PDOX establishment; and the
primary was in fact considered to be over 2 cm in diameter.
Lymph-node metastasis was observed, and lymphatic invasion
was extensive; therefore, all the factors for a poor prognosis
were present. Han et al. reported that progression-free
survival, overall survival, distant-relapse-free survival, and
breast-cancer-specific survival were worse with larger tumor
size and the presence of lymph-node metastasis in 97 cases of
metaplastic carcinoma, including 31 cases of MPBC (19).

Epithelial-mesenchymal transition (EMT) has been
reported to be a factor related to poor prognosis of
metaplastic carcinoma (20). Eribulin is reported to inhibit
EMT (21), and this may be related to the efficacy of eribulin
in our PDOX model.

Immunostaining of a preoperative needle biopsy in the
present case showed a triple-negative subtype; however,
MPBC was strongly suspected on the basis of the imaging
findings and the pathological results of the needle biopsy,
and it was decided to proceed with surgery.

Shimada et al. reported the results of five cases of MPBC
treated with neo-adjuvant chemotherapy using an anthracycline

and docetaxel. There were no pathological-complete response
(pCR) cases, and most were resistant to treatment (22). Han et
al. examined the response to neo-adjuvant chemotherapy in 97
cases of metaplastic carcinoma, which included 17 MPBC
cases, of which four (23.5%) showed pCR (19).

In our previous studies, we established a PDOX model
from the present patient’s MPBC. This PDOX model was
used to study sensitivity to various agents, including
paclitaxel and bevacizumab (7, 8). Paclitaxel and
bevacizumab did not arrest tumor growth in the PDOX
model, consistent with the results in the patient (7, 8).

Based on the PDOX results, eribulin was used for the
treatment of recurrent disease in the present case.
Unfortunately, no clinical benefit was obtained because at the
time of eribulin administration, metastasis to the ovaries,
distant lymph nodes, thyroid gland and brain had already
occurred, and the patient’s condition was rapidly deteriorating.

In the present case, paclitaxel with bevacizumab was
selected as first-line chemotherapy at the time of recurrence,
but no therapeutic effect was obtained. This correlated with
the PDOX response to these drugs. The patient’s survival
may have been prolonged had eribulin been administered at
an earlier stage.

A monoclonal antibody to PD-L1, atezolizumab, was
administered based on a positive immunostaining for PD-L1 in
the ovarian metastasis. However, no therapeutic effect was
obtained. Although the IMpassion130 study recently showed a
significant prolongation of progression-free survival by the
addition of atezolizumab to chemotherapy in patients with
unresectable triple-negative breast cancer (23), as far as we are
aware, there are no previous reports on the efficacy of
atezolizumab on metaplastic carcinoma, including MPBC.
There is a need for research into the PD-L1 expression status
in MPBC and other metaplastic carcinomas.

PDOX models accurately represent the tumor micro-
environment and have thus shown high correlation with patient
drug response (24, 25). With the recent development of
implantation of large amounts of tumor surrounded by normal
tissue in nude mice to greatly increases the frequency of PDOX
establishment by our laboratory (9), we can expect PDOX
model establishment for many more patients in the future to
identify both effective and ineffective drugs for each patient.

Conclusion

We successfully established a PDOX model from a very rare
triple-negative MPBC and used this model to screen a panel of
candidate therapeutics for the patient. The PDOX model
demonstrated that paclitaxel and bevacizumab were unable to
arrest the tumor, which was in concordance with the results of
therapy in the patient. Eribulin was identified in the PDOX
model as effective but was administered too late in the course
of the patient’s disease. The present study demonstrates the
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potential clinical usefulness of PDOX models and highlights
the need to use the drug-sensitivity results of the PDOX model
as early as possible in the course of the patient’s disease.
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