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Abstract: This study was conducted to comprehensively review the efficacy and safety of endostar combined chemotherapy
versus chemotherapy alone, for treating osteosarcoma patients. Osteosarcomas, which makes up less than 1% of all cancers
in adult and about 13% of sarcomas, can rise from anywhere in the body. The current treatment for osteosarcoma comprises
of surgery, radiotherapy and chemotherapy. As for resectable localized osteosarcoma, the standard treatment is surgical
resection with adequate margins preserved. Despite of surgery, about half of the patients will suffer from recurrence and
metastasis of osteosarcoma, thus requiring systemic chemotherapy as palliative treatment. Apart from Ewing’s Sarcoma,
osteosarcoma and rhabdomyosarcoma, most sarcomas are not sensitive enough to systemic chemotherapy resulting in cancer
progression through blood circulation. Hence, the potential use of anti-angiogenic agent endostar in the treatment of
sarcoma is being highly studied in clinical trials. Target therapy drug endostar was found to be both safe and effective when
combined with chemotherapy as a perioperative regimen for resect-able advanced osteosarcoma and can benefit patients who
cannot tolerate aggressive therapy signifying better tolerability of chemotherapeutic drugs when administered with endostar
while also significantly improving the distant metastasis free survival and progression free survival in osteosarcoma patients.
Confirmation of these results in larger double blinded controlled randomized trials is necessary before definite conclusions
about this therapy can be drawn.
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i,
THE SCIENCE PUBLISHERS

Introduction thirty five years of age [4]. The 5-year relative
Osteosarcoma, a cancerous mesenchymal tumour  gyrvival rate was found to be approximately 65
of the bone, makes up about 35% of primary bone  hercent for all sarcomas and Sun Min Lim et al
cancers which are extremely rare neoplasms and reported no significant difference in overall
make up approximately 13% of all sarcomas. Other  gyrival and Event Free Survival observed between
common subtypes of primary bone tumors aside o4t and children [5, 51]. Only 16% of patients
osteosarcoma include chondrosarcoma  (30%),  that undergo surgical resection alone survive for
Ewing sarcoma (16%), ~malignant fibrous |ong  period, indicating the existence  of
histiocytoma of bone (<5%), fibrosarcoma of bone  icrometastasis in a large majority of newly

(<2%) and giant cell tumor of bone [25, 29].  jagnosed patients [30, 31]. Prognosis and cure rate
Osteosarcoma remains the most common bone  genend on the type of tumour, location, size and

sarcoma in lghlldren0 andf aldolelgcegts. Recurrence  oiner factors [32]. In general the prognosis of
occurs in about 30% of localized osteosarcoma yecrrent osteosarcoma is poor, with long-term

patients and 80% of patients with metastatic  g,rjval of less than 20%. The 2 year DFS rate for
sarcoma, are cancers that arise from the (qteqsarcoma patients with 3 or more metastatic
mesenchymal Iayer._ Osteosarcoma makes Up 1ess  |asions was 28% [31]. Up to date no effective
than 3% of paediatric cancers, and less than 2% of Chemotherapy ~ treatment is available for
adolescent _and young cancer patients [1]. More  .hondrosarcoma and for most subtypes  of
than 100 different subtypes of sarcoma based on  .hordoma [32, 33]. Early preclinical studies in

their histology, clinical presentation, age of  gtensarcoma have confirmed that the combination
incidence,  aggressiveness, the way they  of Endostar with chemotherapy can significantly
metastasize, genetic changes, and their response t0  innibit sarcoma progression and lung metastases
certain treatment have been identified in adults and [34-36].

paediatrics [2]. Sarcoma can arise from anywhere in - The rarity and the diversity of histologies render
the body, but most commonly happens in the  he diagnosis and treatment of sarcoma difficult.
extremities. Approximately 20% of patients with  garcomas patients generally need multimodal

extremity sarcoma will have isolated pulmonary therapy, consisting of aggressive chemotherapy,
metastatic disease during the course of their disease high-dose radiation and surgery wherever possible.
[3]. Almost half of bone sarcomas and about a fifth Yet, metastatic sarcoma patients still endure a

of soft tissue cancers are diagnosed in people below  jicmal prognosis, with low 5-year overall survival
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(OS) rates not exceeding 30%. Since Rutkowski
and colleagues showed that cytokine VEGF
(vascular endothelial growth factor) level is high in
soft tissue sarcoma, the potential use of anti-
angiogenic agents in the treatment of sarcoma is
being highly studied in clinical trials [6,7]. One of
these anti-angiogenic agents is Endostar. Endostar
though primarily inhibits angiogenesis, also inhibits
lymphangiogenesis and lymph node metastasis [8,
9]. Previous studies also showed that Endostar was
effective when used in combination with cytotoxic
chemotherapy drug where Endostar exhibited
synergistic effects [10].

This first review on Endostar on osteosarcoma
patients comprehensively assesses from clinical
trials the efficacy and the toxicity of anti-
angiogenic agent Endostar in combination with
chemotherapy for the treatment of osteosarcoma. A
deeper analysis on the chemotherapy regimen
combined and the adverse events will provide
essential guides for clinicians to avoid certain
cytotoxic drug in case the patients cannot tolerate
these  specific adverse events such as
myelosuppression.

1. Target therapy drug Endostar

Rh-endostatin (code number YH-16, commercial
name Endostar), commercialized by Simcere-
Medgenn Bioengineering Co. Ltd located in China,
is a different and more stable recombinant human
endostatin (Rh-endostatin) compared to the original
endostatin studied by O’Reilly[8,11]. Endostar
(YH-16) gained approval from the China’s State
Food and Drug Administration (SFDA) for treating
NSCLC in 2005 [12, 13]. Ever since, Endostar, the
N-terminal ~ modified  recombinant  human
endostatin, is regarded as one of the most effective
angiogenesis inhibitors. Angiogenesis consists of a
dynamic balance between proangiogenic factors
such as vascular endothelial growth factor (VEGF)
and anti-angiogenic factors such as
thrombospondin-1 [14, 15]. Endostar can suppress
tumors vascular endothelial cell proliferation,
inhibiting angiogenesis and by depriving the tumor
of vascular supply inhibit tumor growth [16]. As
shown in many preclinical studies, the combination
of anti-angiogenic therapy in combination with
chemotherapy may be a good strategy for sarcoma.
A comprehensive electronic search on databases
such as pubmed, google scholar, Wanfangdata,
CNKI and Embase using the following keywords
“Sarcoma”, “osteosarcoma, “bone tumour” both in
English and Chinese were effected before January
2016 by at least two researchers before analysing
and extracting the necessary data. Only clinical
trials were included, and only of them is a
randomized controlled trials.
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2. Pre-clinical
osteosarcoma

studies of Endostar against

2.1 Cellular model research

The study of endostar combined with Adriamycin
on osteosarcoma 0S-732 cells demonstrated
inhibiting effect against tumour cells. Other
experiments found that Endostar inhibited the
proliferation of rhabdomyosarcoma cells and plays
a key role in suppressing the expression and
production of VEGF in rhabdomyosarcoma PLA-
802 cells.. Another study by Liming Zhang, Rh-
endostatin had anti-cancer effect on MG-63
osteosarcoma cells both independently and in
combination with cisplatin and therefore further
research on these promising studies can be vital to
prolong lifespan of cancer patients [17-19].

2.2 Animal model research

One study by Xian-liao Zhang and Xin Shi et al
demonstrated that Endostar had anti-tumour effect
on sarcoma xenograft decreasing cancer
angiogenesis, infiltration and metastasis in the
process. Additional study demonstrated synergistic
effect of Rh-endostatin with either Adriamycin or
vincristine in the inhibition of tumor growth by
approximately 64.8% on osteosarcoma mouse
model. Wang TB et al also showed significant (P <
0.0001) tumor regression in Endostar treated group
with reduced level of MVD and bcl-2-positive rate
in the intervention group concluding that Endostar
can supress angiogenesis, favour cell apoptosis, and
supress the proliferation of sarcoma xenograft.
Mingwei Yang’s study showed that endostar
combined with radiotherapy group decreased the
MVD (microvessel density) and angiogenesis [20-
24).

3. Clinical
osteosarcoma
A first non-randomized phase | clinical trial on 17
osteosarcoma patients by Zhou Xing and al
comparing the clinical benefit response, ECOG
quality of life scores and adverse reactions showed
that Endostar exhibited anti-tumor activity with
high clinical benefit response in osteosarcoma
patients ~ without overt  mestastasis.  The
experimental group was treated with a 6-weeks
cycle of perioperative regimen with one
preoperative cycle and 3 cycles of postoperative
therapy consisting of 15mg 2.4x10° units Endostar,
methotrexate, cisplatin, doxorubicin/pirarubicin,
and cyclophosphamide. The Clinical benefit rate
(CBR) of the experimental group was 100% while
the control group could only reached 71.4%. Both
the results of the CBR and the Quality of life scores
from the experimental group was not statistically
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significant which could be because of the few cases
investigated. The main grade 3 and grade 4
symptoms reported were leukopenia, neutropenia,
hemoglobinemia, thrombocytopenia and rise in
liver enzymes AST and ALT. The comparison of
adverse events between the two groups was not
statistically different* A following Phase Il
randomized clinical trial by Zhang Yan et al on 76
osteosarcoma patients demonstrated a clinical
effective rate of 71% based on WHO evaluation
criteria in the experimental group compared to
51.3% in the control group (P =0.049). Seventy
five percent of the patients who in the observation
group were treated with 2 cycles of neoadjuvant 15
mg Endostar c.i.v d1-14 combined with DIA
regimen, had Enneking stage Il osteosarcoma and
29% of them achieved complete response after
resection and chemotherapy. The 5 year overall
survival of about 55% was significantly higher in
the test group (P>0.048) though more patient cases
in the test group were lost and remained
unaccounted during the follow up. In comparing
the limb function based on the Musculoskeletal
Tumour Society 93 evaluation criteria, the Endostar
treated group had a superior post chemo limb
function that was statistically significant (x2 =
2.92, P = 0.04). The main adverse events observed
in the experiment group were leukopenia, nausea
and vomiting, alopecia as well as liver and renal
damage and comparison between the two groups
was not statistically significant (P>0.05) [38].

In a larger phase 1l trial conducted by Meng Xu and
colleagues on the effects of endostar combined
chemotherapy in the treatment of 116 high-grade
stage Il osteosarcoma patients showed an increase
in event free survival in the endostar treatment
group. Perioperative regimen included 2 cycles of
preoperative therapy and 2 cycles of postoperative
therapy comprising of doxorubicin 60 mg/m2 per
day IV bolus x2 days; cisplatin 120 mg/m2 per day
x 2 days; methotrexate 12 g/m2 per day and
Endostar 15 mg per day x 5 days in one cycle. The
5 vyear overall survival rate in the endostar
treatment group was 76% ( p=0.338) while the 5
year event free survival rate 5-yr EFS, at 70% in
the test group compared to 56% in the control
group, was significantly increased by the Endostar
treatment (P 0.043). Additionally, the study
showed that the metastasis rate in the Endostar
treated group was 24%, which was significantly
lower than the 34% in the control group [39]. The
individual’s age, tumor location, and histologic
response were link more strongly to Metastasis
Free Survival (MFS) in osteosarcoma model than
gender, size of neoplasm, or pathologic fracture in
a study by Koichi Ogura et al but no significant
difference was found in respect to most of these
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characteristics between the two groups in this
clinical trial. No data on adverse events was
available [52]. Immunohistochemistry of the pre-
chemotherapy biopsy and post-chemotherapy
tumor resection specimens by Meng Xu et al
showed that Endostar administration significantly
inhibits the expression of VEGF and the increased
microvessel density leading to a lower metastasis
rate in Endostar treated patients [39, 53]. An earlier
preclinical trial did demonstrate that the inhibition
of VEGF signaling can drastically decreased
pulmonary metastases in an osteosarcoma model
[46]. Kaya et al. who reported significantly higher
serum level of VEGF in patients with pulmonary
metastases compared to those who did not develop
metastases also showed similar increase of VEGF
expression in metastatic sarcoma compared to non-
metastatic sarcoma [44, 45]. Studies have
demonstrated that hypoxia due to tumor necrosis by
chemotherapy can promote the up-regulation of
VEGF by viable tumor cells [47]. The
combinations of Endostar with chemotherapy can
downregulate the VEGF level induced by the viable
hypoxic tumor cells after necrosis-induced hypoxia
due to traditional chemotherapy  drugs.
Chemotherapy was shown to increase angiogenesis
while Endostar treatment can significantly inhibit
angiogenesis  induced by chemotherapy in
osteosarcoma patients [39].

Hairong Xu et al conducted a non-randomized
control trial on 388 stage Il osteosarcoma patients
showing increased 1-year and 3-years metastasis-
free survival rates of 93% and 77% in Endostar
combined chemotherapy group compared to 79%
and 65% respectively in the control group (P
=0.045). The difference in 3-years overall survival
rate was not statistically significant (P = 0.220)
which could be because of cytotoxic drug
resistance among other reasons but the 3-years
progression free survival rate was statistically
significant at 74% versus 60% (P = 0.025). The 1-,
2-, 3-year distant metastasis free survival rates
(DMFS) was statistically significant at 90%, 86%
and 77% respectively (P = 0.045) with more than
85% of cases being lung metastasis. Both arms
were given two to four cycles of neoadjuvant
therapy and 12-18 cycles of postoperative adjuvant
therapy consisting of 10g/m” methotrexate, 3g/m2
ifosfamide, 120mg/m2 cisplatin and 30 mg/m2
Adriamycin while 4 cycles of 15 mg Endostar was
added to the test group postoperatively. Amputed
patients who made up about 16% of the test group
did not receive neoadjuvant treatment. Endostar
was well tolerated as the difference in side effects
between the two arms was not statistically
significant. Adverse events reported were
predominantly mild symptoms and grade 3-4



symptoms were mainly leukopenia, anemia, liver
and renal damage, nausea and vomiting [40].

The quality of life of cancer patients and toxicity
induced by chemotherapy are as important as
efficacy, the consideration of tolerability and
therapy discontinuation events are key in this
setting. Xu Hairong et al and Zhang Yan et al
reported Grade | and Grade Il toxicities as being
predominant in their studies. The reported
symptoms measured in the different trials that
involved different chemotherapy regimens were
leukopenia, nausea and vomiting, liver and renal
dysfunction, alopecia and mucosal lesion.
Leukopenia was the most common adverse event
among all the trials. No drug related death or
discontinuation due to adverse events occurred
among the different trials. Since no statistical
significance in toxicity was observed between the
test and control groups of the different clinical
trials, the symptoms observed may not be related to
Endostar. Actually the Endostar treated groups had
a smaller percentage of patients reporting severe
adverse events, possibly indicating better tolerance
of chemotherapy when administered together with
Endostar [37, 38, 40]. A similar observation where
Endostar treated patients suffered less adverse
events compared to control group was made by
Rong Baoxue et al in a systematic review of
Endostar combined chemotherapy in treating non-
small cell lung cancer [50]. Endostar demonstrated
cytotoxicity as a single agent, but was also found to
be effective when used in combination with
cytotoxic chemotherapy drug. Anti-angiogenic
agents seem to lower the hydrostatic pressure of the
tumour tissue, allowing the chemotherapy drugs to
further drain into the tumour tissue. Another
proposed mechanism is that suppression of
angiogenesis in solid tumours develops a hypoxic
microenvironment that increases the tumour cells’
sensitivity to chemotherapy treatment [46]. This
may have led to a smaller percentage of patients
reported to suffer from mild to severe adverse
events in the Endostar combined chemotherapy
treated groups [38,40]. Hence Endostar combined
with chemotherapy have shown synergistic effects
that inhibit the growth of tumors by decreasing the
formation of micro vessels and enabling greater
delivery of chemotherapy drug into the tumor
tissue. This can lead to a better local control of the
malignant tumors.

Discussion

Progress in the field has historically been hampered
by the relative rarity of osteosarcoma, and the
significant heterogeneity that exists in histology
[39]. Doxorubucin as single agent or in
combination regimens remains the treatment of
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choice for advanced non-resectable soft tissue
sarcoma. In a study regrouping three randomized
clinical trials lan Judson and al discouraged the use
of combination therapy of doxorubicin and
ifosfamide as palliative therapy for advanced
sarcoma due to increased toxicity despite
demonstrating an overall survival of 14.3 months
which was not significantly superior to the overall
survival of 12.4 months from doxorubicin alone in
the EORTC trial. Similarly several other
doxorubicin based chemotherapy regimens proved
ineffective to significantly increase median overall
survival due to increased adverse events and poor
quality of life [51,52]. In the Hellenic Cooperative
Oncology Group combined therapy trial of PL-
Doxorubicin and paclitaxel in advanced STS
achieved a median time to progression of 5.7
months and a median overall survival of 13.2
months [53,54]. The Aldoxorubicin trial did
achieved a median Overall survival of 14.7 months
for the Doxorubicin arm [55]. Seungcheol Kang
and colleagues reported a 2-year survival of 47.1 +
4.8% for advanced soft tissue sarcoma though 33%
of the patients underwent metastectomy and
multimodality treatment was available to all
patients in the study while the patients that
participated in the Endostar treated trial by Lu Ping
Zhang and al were all unresectable advanced STS
patients and yet achieved a two year survival rate of
30.2% [27, 56, 57].

Bacci and al who reported a 5 year overall survival
of 66.6% across all types of primary bone tumors
demonstrated that the 5 year event-free survival
DFS was significantly associated with the
histological reponse to chemotherapy[32]. For
example, the EICESS Study Group reports a 5 year
relapse-free survival RFS of 22% for Ewing’s
Sarcoma Family of Tumor (ESFT) patients [58,59].
The PALETTE trial has formally demonstrated the
benefit of treating sarcoma patients with anti-
angiogenic agent over placebo in terms of PFS in a
Phase 11l setting [60]. With current treatment,
localized osteosarcoma patients can hope for a 5-
year survival rate in the range of 60% to 80%. In
this review, one trial on 116 high-grade stage II
osteosarcoma patients reported a 5-year overall
survival rate of 76%. Most importantly, a
statistically significant 5-year Event Free survival
of 70% and a significantly better limb function
based on the Musculoskeletal Tumor Society
functional score MSTS 93 evaluation criteria was
achieved which can relate to a better quality of life
in Endostar treated localized osteosarcoma patients.
If the osteosarcoma has already metastasize upon
diagnosis, the 5-year survival rate is about 15% to
30% but to date no such clinical trial on Endostar in
treating advanced osteosarcoma are yet published.



Based on this review of trials conducted on
localized osteosarcoma, Endostar combined with
chemotherapy significantly increases the event-free
survival rate as a perioperative regimen and in
addition to enhancing the limb function also
prevented metastases in resected osteosarcoma
patients.

Conclusion

Target therapy drug Endostar is safe and effective
when combined with chemotherapy for the
treatment of late stage soft tissue sarcoma including
patients who cannot tolerate aggressive therapies.
The combination of chemotherapy and Endostar as
a perioperative regimen can significantly improve
the distant metastasis free survival and progression
free survival in osteosarcoma patients. Larger
double blinded randomized controlled trials need to
be carried out for these conclusions to be
confirmed.
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