
Abstract. Background: Osteosarcoma is a recalcitrant
disease treated with surgery and intensive chemotherapy as
standard. The 5-year survival rate of patients with relapsed
and lung metastatic osteosarcoma is as low as 20%. Materials
and Methods: A 16-year-old patient developed left distal
femoral high-grade osteosarcoma and underwent cisplatinum-
based neoadjuvant chemotherapy and surgery. From the
resected tumor, a patient-derived orthotopic xenograft
(PDOX) model was established in the femur of nude mice.
PDOX models were randomized into the following groups:
untreated control, or treatment with doxorubicin (3 mg/kg, i.p.,
weekly for 14 days), sunitinib (40 mg/kg, oral gavage, daily
for 14 days), pazopanib (100 mg/kg, oral gavage, daily for 14
days), temozolomide(25 mg/kg, oral gavage, daily for 14 days)
, and eribulin (1.5 mg/kg, i.p., daily for 14 days). Tumor
volume and body weight were monitored twice a week.
Results: The osteosarcoma PDOX was resistant to
doxorubicin, sunitinib, and pazopanib. In contrast, eribulin

and temozolomide arrested tumor growth. Conclusion: This
study demonstrated the utility of the PDOX model in allowing
effective from non-effective drugs to be distinguished in a
model in which the tumor was growing on the organ
corresponding to that of the patient. 

Osteosarcoma is the most common and still recalcitrant
sarcoma arising from bone, and affects mostly children and
adolescents (1-3). First-line treatment for osteosarcoma
includes surgery and intensive chemotherapy such as MAP
(methotrexate, doxorubicin, cisplatinum), but the 5-year
survival rate of patients with relapsed and lung metastatic
case is under 20% (1). Therefore, improved precision therapy
is needed for this disease. To meet this goal, we developed
patient-derived orthotopic xenograft (PDOX) mouse model
which can be used for all cancer types (4). 
Eribulin, a nontaxane microtubule targeting agent,

destabilizes microtubules by targeting microtubule plus ends
and inhibiting microtubule elongation (5, 6). Eribulin has
shown activity against breast cancer and advanced soft-tissue
sarcoma (7-9). Recently, it was shown that low-dose eribulin
administration can reduce lung metastasis with few side-
effects (10). 
We previously demonstrated the efficacy of eribulin on an

Ewing’s sarcoma PDOX model (11), but to our knowledge
there are no studies that have evaluated eribulin in a patient-
like model of osteosarcoma.
In our previous studies, we demonstrated the efficacy of

temozolomide on several sarcoma PDOX models (12-15).
In a previous study, a PDOX model of a lung-metastatic
osteosarcoma was established (13, 16). We found that this
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PDOX model was sensitive to temozolomide alone (13) and
the combination of temozolomide and irinotecan (17), as
well as tumor-targeting Salmonella typhimurium A1-R (16,
18).
In the present study, we evaluated efficacy of eribulin in

the lung-metastatic osteosarcoma PDOX model resistant to
standard therapy. 

Materials and Methods
Mice. Athymic nu/nu nude mice (AntiCancer Inc., San Diego, CA,
USA), 4-6 weeks old, were used (13, 16). All animal studies were
performed with an AntiCancer Inc. Institutional Animal Care and
Use Committee (IACUC)-protocol specifically approved for this
study and in accordance with the principals and procedures outlined
in the National Institute of Health (NIH) Guide for the Care and Use
of Animals under Assurance Number A3873-1 (13, 16). Detailed
protocols for animal handing, anesthesia, surgery, and animal
husbandry are described elsewhere (13, 16).

Patient-derived tumor. A 16-year-old patient with localized left
distal femoral high-grade osteosarcoma underwent neoadjuvant and
adjuvant MAP chemotherapy. One year later, the osteosarcoma
recurred with three bilateral metachronous pulmonary metastases.
Therefore, the patient was treated with curative surgery at the
Division of Surgical Oncology, University of California, Los
Angeles. Written informed consent was obtained from the patient
as part of a University of California, Los Angeles Institutional
Review Board (IRB#10-001857) approved protocol to establish a
PDOX model (13, 16).

Establishment of the PDOX osteosarcoma model. In previous work,
a lung metastasis from the osteosarcoma patient was established
subcutaneously in mice (13, 16). Procedures to harvest tumors, and
preparing fragments were previously described (13, 16). After nude
mice (n=42) were anesthetized, a 10 mm skin incision was made on
the right thigh, the vastus lateralis muscle was opened, and the biceps
femoris muscle was split to reach the distal femur. An incision was
made in the lateral patello-femoral ligament, sparing the knee joint
and then the lateral condyle of the femur was resected (13). A single
3 to 4 mm tumor fragment was implanted orthotopically into the
space to establish a PDOX model (13). The muscle and wound were
closed with 6-0 nylon suture (13) (Figure 1A).

Treatment study design in the PDOX osteosarcoma model. Doses
for treatment were determined based on our previous publications
(12-17). Two weeks after orthotopic implantation, mice with tumors
that had reached 70 mm3 volume were allocated to each group and
treatment was started (Figure 1B).
PDOX mouse models were randomized into the following groups

of seven mice each: Group 1, untreated control; group 2, treated
with doxorubicin (3 mg/kg, i.p., weekly); group 3, treated with
sunitinib (40 mg/kg, oral gavage, daily); group 4, treated with
pazopanib (100 mg/kg, oral gavage, daily); group 5, treated with
temozolomide (25 mg/kg, oral gavage, daily); group 6, treated with
eribulin (1.5 mg/kg, i.p., daily). The detailed protocol to measure
tumor length, width, and mouse body weight were measured twice
a week as previously described (13, 16). Tumor volume was
calculated based on our previous publications (13, 16). Data are
presented as mean±standard deviation (SD). All mice included in
this study were sacrificed on day 15, and tumors were harvested for
further histological evaluation. 
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Figure 1. Establishing osteosarcoma patient-derived orthotopic xenograft (PDOX) model and treatment protocols. A: Establishment of osteosarcoma
PDOX nude-mouse model. B: Treatment protocol of osteosarcoma PDOX nude-mouse model. Each group comprised seven mice.
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Figure 2. Tumor volume and mouse weight. A: Longitudinal osteosarcoma patient-derived orthotopic xenograft (PDOX) tumor growth. Line graphs
show tumor volume at the indicated times relative to that at the start of treatment. B: Tumor volume on day 14 relative to that at the start of treatment
of the osteosarcoma for each group. C: Bar graphs showing relative body weight of mice treated with each agent compared to that of the control
at day 14 to day 0 of treatment. Significantly different at *p<0.05 and **p<0.01.

Figure 3. Tumor histology of untreated control group (A), and groups treated with doxorubicin (B), sunitinib (C), pazopanib (D) temozolomide (E)
and eribulin (F). Histological sections were stained with hematoxylin and eosin. White bar=100 μm.



Tumor histological examination. Fresh tumor samples from each
treatment group including control were fixed for histological
analysis. The detailed protocols for fresh tumor samples fixation,
sectioning and staining were previously described (13, 16).
Histological examination and image acquisition were previously
described (13, 16). 

Statistical analysis. Statistical analyses were performed with JMP
pro version 12 (SAS Institute, Inc., Cary, NC, USA) for all
statistical analyses. The relative tumor volumes and relative body
weights of mice are expressed as mean±SD. Significant differences
for continuous variables were determined using the Steel–Dwass
test for multiple comparison. A probability value of less than 0.05
was considered statistically significant.

Results and Discussion
Figure 2A shows longitudinal relative tumor volume, and Figure
2B compares relative tumor growth on day 14 of treatment. The
tumors in the control group had grown approximately 6-fold by
day 14. The doxorubicin-treated group did not show significant
tumor growth inhibition on day 14. Moreover, neither sunitinib
nor pazopanib showed significant efficacy compared to the
control group on day 14. In contrast, temozolomide significantly
inhibited tumor growth compared to the untreated control
(~80%), and groups treated with doxorubicin, sunitinib, or
pazopanib on day 14 (p<0.01, p<0.01, p<0.05 and p<0.05,
respectively); eribulin resulted in near tumor regression on day
14 including one complete response. There was no significant
body weight loss in any group (Figure 2C).
Figure 3 shows representative tumor histology of all

groups. The untreated control group showed anaplastic
hypercellular populations, displaying coarse and
hyperchromatic nuclei with neoplastic osteoid formation
(Figure 3A). Doxorubicin-, and pazopanib-treated PDOX
tumors (Figure 3B and D, respectively), comprising viable
tumor cells without obvious necrotic areas, were similar to
the untreated control group, while sunitinib-treated PDOX
tumors showed necrotic areas (Figure 3C). Temozolomide-,
and eribulin-treated PDOX tumors had extensive necrotic
areas (Figure 3E and F, respectively).
The PDOX model of the cisplatin-resistant lung-metastatic

osteosarcoma was previously been shown to be cisplatin-
resistant as was the original tumor of the patient (13, 16),
demonstrating the precision of the PDOX model. We
previously showed that temozolomide is effective in the
PDOX model, both alone and in combination with irinotecan
(17). Recent studies suggest that eribulin can be combined
with a broad set of anticancer agents (19). The antitumor
activity of eribulin is achieved via modulating the tumor
microenvironment and vascular remodeling (20). The present
report demonstrates that eribulin is possibly more effective
than temozolomide on osteosarcoma PDOX and also more
effective than the so-called molecular targeting drugs
sunitinib and pazopanib, or first-line therapy doxorubicin.
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