
Abstract. Background/Aim: Primary osteosarcoma of the
breast is an exceedingly-rare malignant tumor that shares
histological characteristics with osteosarcoma of the bone. Since
effective therapies have not yet been established, standard
therapy for osteosarcoma of the bone was examined in the
present study for efficacy against primary osteosarcoma of the
breast in a patient-derived orthotopic xenograft (PDOX) nude-
mouse model. Materials and Methods: The PDOX mouse models
were established by surgical implantation of the primary
osteosarcoma of the breast  specimen into the mammary gland
of nude mice. Mice with tumors were randomized into four
groups, each n=4: control group; cisplatinum (CDDP)-
treatment group; doxorubicin (DOX)-treatment group; and
CDDP/DOX-combination-treatment group. Mice were treated
for twenty-one days, three weeks after implantation. Tumor size
and body weight were measured during three weeks of treatment.
Results: Significant tumor growth inhibition was observed,
compared to the control, in the CDDP-treatment group, the
DOX-treatment group, and the combination-treatment-group.
Only the combination treatment regressed the tumor. Conclusion:
CDDP and DOX which are standard first-line therapies for
osteosarcoma, may be clinically effective against primary
osteosarcoma of the breast, and in particular, their combination.

Extraskeletal osteosarcomas are rare. Primary osteosarcoma of
the breast is an exceedingly-rare malignant tumor with few cases

reported (1-3). Early recurrence and a tendency for
hematogenous, but not lymphatic dissemination are common in
such cases (4). Due to limited cases and data, there is currently
no established first-line therapy for this disease. Clinical features
of primary osteosarcoma of the breast have also yet to be defined
(1, 4, 5). The MAP regimen – high-dose methotrexate,
doxorubicin, and cisplatinum – has improved the prognosis of
patients with localized osteosarcoma (6). In the present study,
part of this MAP regimen, standard-treatment against
osteosarcoma, was tested for efficacy against primary
osteosarcoma of the breast, which is histologically
indistinguishable from non-soft tissue sarcomas (2, 4).

The first mouse model of primary osteosarcoma of the
breast was established recently by our laboratory (4). In the
present study, a patient-derived orthotopic xenograft (PDOX)
model of osteosarcoma of the breast was used to test the
efficacy of cisplatinum (CDDP) and doxorubicin (DOX) and
their combination.

Materials and Methods
Mice. To establish a PDOX model of primary osteosarcoma of the
breast, female athymic (nu/nu) nude mice (AntiCancer, Inc., San Diego,
CA, USA) were used according to an AntiCancer, Inc. Institutional
Animal Care and Use Committee (IACUC) protocol that was
specifically approved for this study. The present study followed the
principles and procedures outlined in the National Institutes of Health
Guide for the Care and Use of Animals under Assurance Number
A3873-1. All animal procedures have been previously described (7-14).

Patient-derived tumor. The surgically-resected primary osteosarcoma
of the breast was obtained previously as part of a Kaiser Permanente
San Diego Medical Center-approved protocol (4) (IRB#12617).

Establishment of primary osteosarcoma of the breast PDOX nude-
mouse model. Four-mm3 tumor fragments were obtained from the
first primary osteosarcoma of the breast patient-derived xenograft
mouse model (4). To establish the PDOX model, nude mice were
first anesthetized with isoflurane. A 5-mm skin incision was made
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under the second nipple of the nude mice. A pocket was formed
using surgical scissors by separating the skin from the dermis (4).
Primary breast osteosarcoma fragments were then inserted into the
pocket (4). The wound was closed with a 5-0 PDS-II suture.

Treatment scheme. The PDOX mouse models of primary osteosarcoma
of the breast were randomly divided into four groups: control group;
CDDP-treatment group; DOX-treatment group; and combination
CDDP/DOX- treatment group with n=4 for each group (Figure 1).
After three weeks, tumor size was measured and treatment was
initiated. For three weeks, the following treatment scheme was
performed: control, no treatment; CDDP (6 mg/kg) by intraperitoneal
injection, once a week; DOX (3 mg/kg) by intraperitoneal injection
once a week; and combination-treatment (CDDP and DOX with the
above doses) by intraperitoneal injection once a week. Mice were
weighed and tumor size was measured with calipers. Tumor volume
was calculated as previously described (8). All mice were sacrificed 6
weeks after implantation as previously described (8-14).

Statistical analysis. All statistical analyses were performed with
JMP Pro ver. 15.0.0 (SAS Institute, Cary, NC, USA). A one-way
ANOVA with a Tukey-Kramer multiple comparison test was used
to compare groups. p-values were two-sided and a p-value of ≤0.05
was regarded as statistically significant.

Results

Efficacy of CDDP and DOX on the primary osteosarcoma-of-
the-breast PDOX model. The treatment scheme is illustrated in
Figure 1. CDDP alone and DOX alone inhibited tumor growth,
and the combination of CDDP and DOX led to tumor regression.
At day 21, the mean relative tumor volume ratio (tumor volume
value on day 21 divided by the tumor volume on day 0) in the

control mice was 25.8; in the CDDP-treated mice was 2.90
(p=0.015); in the DOX-treated mice was 5.66 (p=0.032); and in
the CDDP/DOX combination-treated mice was 0.90 (p=0.0083),
demonstrating regression of the tumor (Figure 2). Images of
representative tumor-bearing mice demonstrated the efficacy of
the therapies in the treatment groups with the CDDP/DOX
combination being the most effective (Figure 3). The relative
body weight of mice in the control group and treatment groups
was not significantly different (Figure 4).
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Figure 1. Schematic of treatment plan.

Figure 2. Treatment efficacy on relative tumor volume in primary
osteosarcoma of the breast in a patient-derived orthotropic xenograft
(PDOX) mouse model. n=4 mice for the control group and each
treatment group. Control compared to the cisplatinum (CDDP)-treated
mice (***p=0.015); control compared to the doxorubicin (DOX)-treated
mice (**p=0.032); control compared to the CDDP/DOX combination-
treated mice (*p=0.0083).



Discussion

Primary osteosarcoma of the breast is an extremely-rare,
malignant tumor. Using the first-established PDOX mouse model
of this rare tumor developed in our laboratory (4), the present
study determined that the combination of CDDP and DOX
regressed the tumor. In the PDOX model, the tumor grows on the
mammary gland of the mouse making it a clinically-relevant
model in which candidates for clinical treatment can be
evaluated. CDDP and DOX are currently first-line treatment of
osteosarcoma of the bone. Therefore, these were the first
candidates selected to determine their efficacy against primary
osteosarcoma of the breast, which at present has no first-line
therapy due to its extreme rarity. While treatment with each drug
individually led to a statistically-significantly smaller tumor
volume relative to the control group, only the combination of
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Figure 3. Primary osteosarcoma of the breast patient-derived orthotopic xenograft (PDOX) nude-mouse mouse model. (A) Mouse from the control
group, day 21. (B) Mouse from the cisplatinum (CDDP)-treatment group, day 21. (C) Mouse from the doxorubicin (DOX)-treatment group, day 21.
(D) Mouse from the CDDP/DOX-combination-treatment group, day 21.

Figure 4. Relative body weight (body weight at the end of the
experiment divided by body weight at the beginning of the experiment)
of mice in patient-derived orthotopic xenograft mouse models of
osteosarcoma of the breast. There was no significant difference in body
weight between mice in the control group and treatment groups.



both led to tumor regression with a tumor- volume ratio of less
than one at the end of the treatment period. A tumor-volume ratio
of less than one has potential for clinical efficacy. The present
study suggests the combination of CDDP and DOX as a
candidate clinical therapy for primary osteosarcoma of the breast,
of which there is currently no established first-line therapy.
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