
Abstract. Background/Aim: Primary osteosarcoma of the
mammary gland is a very rare disease, accounting for less than
1% of all mammary malignancies. There is no established first-
line treatment and the prognosis is poor compared to normal
breast cancer. We previously established the first patient tumor-
derived animal model of this disease, grown subcutaneously in
nude mice. In the present study, we established a patient
derived orthotopic xenograft (PDOX) model of osteosarcoma
of the breast and investigated the efficacy of cisplatinum
(CDDP) and eribulin (ERB). Materials and Methods: PDOX
models of primary osteosarcoma of the breast were divided into
3 groups (5-6 mice per group): untreated control; CDDP
treatment; ERB treatment. The tumor volume in the 3 groups
was compared after 2 weeks. Results: There were significant
differences between control and CDDP, and control and ERB
(p=0.036, 0.046, respectively). However, there was no
significant difference between CDDP and ERB (p=0.964).
Conclusion: CDDP and ERB are candidates for first-line
clinical therapy of primary osteosarcoma of the breast.

Primary osteosarcoma of the mammary gland is a rare disease
that accounts for 0.2-1% of all breast malignancies (1-3).
Because the number of cases is extremely small, no first-line
treatment has been determined. The 5-year survival rate for

this disease has been reported to be 38% (1), and the
prognosis is worse than breast carcinoma which has a 5-year
survival rate of 90.2% (4). Therefore, there is a need to
establish the first-line treatment for primary osteosarcoma of
the mammary gland.

Cisplatinum (CDDP) is a platinum complex, which was
introduced into clinical practice for cancer in the 1970s and
is indicated for the treatment of a wide variety of cancers (5).
CDDP is still first-line treatment for osteosarcoma of the
bone (6). Eribulin (ERB), a halichondrin-based inhibitor of
microtubule dynamics, with a novel mechanism of action,
targets the microtubule plus-end and destabilizes
microtubules by inhibiting microtubule elongation (7, 8). In
clinical practice, ERB treatment of soft tissue sarcoma has
been initiated and has shown some efficacy (9). 

In our previous study, we showed that ERB is effective in
PDOX mouse models of primary bone osteosarcoma (10).
We recently established a nude mouse model of mammary
primary osteosarcoma growing subcutaneously (11). In the
present study we established a patient-derived orthotopic
xenograft (PDOX) mouse model of primary osteosarcoma of
the breast to determine the efficiency of CDDP and ERB.

Materials and Methods

Mice. Athymic (nu/nu) nude mice (AntiCancer, Inc., San Diego,
CA, USA), 4-6 weeks old, were used in the present study. All
mouse experiments were performed with an AntiCancer Inc.
Institutional Animal Care and Use Committee (IACUC)-protocol
specifically authorized for the present study. The National Institutes
of Health (NIH) guidelines for the Care and Use of Animals under
Assurance Number A3873-1 were followed for the use of the mice.
The detailed procedures and methods of anesthesia, surgery, and
mouse breeding follow previously described methods for the
establishment of PDOX (11).
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Patient-derived tumor. The primary osteosarcoma of the breast was
previously obtained from the Kaiser Permanente San Diego Medical
Center with an approved protocol (IRB#12617) (11).

Establishment of the PDOX breast osteosarcoma model. A 5-mm
incision was made on the skin above the left mammary tissue to
create a pocket for the tumor. A 3-4 mm tumor fragment was
inserted into the pocket, and the skin was sutured with a single
ligation of a 4-0 nylon suture, as previously described (11).

Treatment scheme. Three weeks after orthotopic implantation, the
tumor volume reached 50 mm3, and treatment was started. PDOX
mouse models of primary osteosarcoma were randomly assigned
to the following three groups: control group; CDDP group (6
mg/kg, once a week, intraperitoneal injection); ERB group (1.5
mg/kg, once a week, intraperitoneal injection) (Figure 1). The
short and long axis of the tumor was measured using a calipers
and the mice were weighed once a week. The volume of the tumor
was determined as follows: short axis × short axis × long axis / 2.
All mice were sacrificed on the 15th day after treatment. The
tumors were then collected for histological evaluation.

Hematoxylin and eosin (H&E) staining. The H&E staining
procedure was performed according to standard protocols.

Statistical analysis. All statistical analyses were performed using
EZR (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria) (12). The relative tumor
volumes and relative mice body weight are presented as mean±SD.
Tukey-Kramer analysis was used for comparisons among the three
groups. Differences with a probability value of p≤0.05 were
considered statistically significant.

Results
Treatment efficacy on the breast osteosarcoma-PDOX. There
was a significant difference between the control group and
the CDDP group, and between the control group and the
ERB group (p=0.036, p=0.046, respectively), but there was
no significant difference between the CDDP group and the
ERB group (p=0.964) (Figure 2). There was no significant
difference in any group in the body weight of mice on the
1st day and 15th day (Figure 3).

Histology of breast osteosarcoma-PDOX in H&E-stained
sections obtained from paraffin-embedded formalin-fixed fixed
tissues. In the untreated-control group, pleomorphic spindle cells
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Figure 1. Treatment scheme of the breast-osteosarcoma PDOX nude-
mouse models. CDDP: cisplatinum; ERB: eribulin.

Figure 2. Efficacy of drugs on the breast osteosarcoma-PDOX. Line graphs
show tumor volume at the indicated times relative to that at the start of
treatment. *p≤0.05. Error bars: ±SD. CDDP: cisplatinum; ERB: eribulin.

Figure 3. Mouse body weight. Bar graphs show body weight of mice
from each group at day 15 relative to day 1 of treatment.



were observed, and some of them showed increased nuclear
mitosis. In addition, malignant osteoid formation was observed
in the stroma in the control mice (Figure 4A). In contrast, the
CDDP- and ERB-treatment groups showed an obvious decrease
in the density of pleomorphic spindle cells (Figure 4B and C).

Discussion

Extraskeletal osteosarcoma accounts for about 4% of all
osteosarcomas (13). While osteosarcoma of bone origin occurs
mainly in the first two decades of life, extraskeletal osteosarcoma
mainly affects the elderly, aged 65 and older (14). The
mechanism by which osteosarcoma develops exosteographically
is not well understood. Primary osteosarcoma of the mammary
gland has been suggested to originate from mesenchymal cells
within the mammary gland, or to be the result of excessive
development of mesenchymal cancer cells such as fibroadenoma
or phyllodes tumor (1, 15). Chemotherapy for osteosarcoma of
the breast has been tried mainly with first-line treatment for
osteosarcoma of bone origin, including methotrexate,
doxorubicin (DOX), CDDP, and ifosfamide, either alone or in
combination (16). However no first-line therapy has been
established for breast osteosarcoma. In the PDOX model, tumors
are growing in the mammary gland of mice, making it a
clinically-relevant model and a candidate for clinical treatment
can possibly be identified. Our recent studies have also shown
that ERB is effective for tumor regression in a bone-derived
osteosarcoma PDOX model (10) and in CDDP- and DOX-
resistant lung metastatic osteosarcoma (17). ERB has been
reported in recent studies to be combined with a wide range of
anticancer agents (18). ERB’s anti-tumor mechanism of action
is based on the modulation of the tumor microenvironment and
vascular remodeling (19).

Although in the present study ERB did not show greater
efficacy than CDDP, the present study suggests that both
ERB and CDDP have promise as first-line treatment for
osteosarcoma of mammary origin.
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