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Summary Bone sarcomas are rare, representing only
0.2% of all diagnosed cancers. Incidence is higher
in children and adolescents, but bone sarcomas are
still numerically outnumbered by benign bone tumors
in this patient cohort. This article summarizes the
management of treatment for bone sarcomas. Sys-
temic therapy, surgical therapy, and radiotherapy are
presented. Osteosarcoma, chondrosarcoma, and Ew-
ing sarcoma are among the most frequently occurring
bone sarcomas in all age groups. In recent decades,
multimodal treatment of these rare entities has in-
creased disease-free survival for these patients. As
malignant primary bone tumors are rare cancers, and
since management is complex, the standard of treat-
ment should be performed by reference centers. If
possible, wide en-bloc resection of the bone sarcoma
should be performed. The role of radiotherapy in os-
teosarcoma and chondrosarcoma is limited, but Ew-
ing sarcoma is a radiation-responsive tumor. In pri-
mary bone sarcomas, the efficacy of chemotherapy
varies according to histological type. Prognosis is poor
in patients with osteosarcoma or Ewing’s sarcoma if
surgery without neoaqdjuvant chemotherapy is per-
formed. Despite advances in surgical, medical, and
radiation therapy, few significant positive changes in
overall survival have been observed in patients with
these diseases in recent decades.
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Introduction

Malignant bone tumors are rare neoplasms that cause
significant morbidity and mortality. Therefore, these
patients require optimal treatment. The most com-
mon bone sarcomas include osteosarcoma, Ewing’s
sarcoma, and chondrosarcoma. Accordingly, bone
sarcomas are uncommon and represent only 0.2%
of all malignancies [1]. However, they are highly ag-
gressive and their treatment is extremely challenging.
Approximately 3020 bone sarcomas are newly diag-
nosed annually in the United States, resulting in 1460
deaths each year [1]. The adjusted incidence rate for
all bone and joint malignancies is 0.9 per 100,000 per-
sons per year. Sarcomas of the bone can be found in
all age groups. However, in many cases, a relationship
between the patient’s age and the specific location
and type of tumor can be observed. Bone sarcomas
have two peaks regarding their age distribution. The
first peak develops in patients aged 10–20, while the
second peak occurs in the seventh decade of life. Bone
sarcomas are outnumbered by benign bone tumors
in the first age peak and by bone metastases in the
second age peak. More bone sarcomas are diagnosed
in the second age peak [2]. They are predominantly
located at the pelvis, axial skeleton, and long bones,
very rarely affecting small bones of the hands and
feet [2]. The ratio between male and female patients
is 1:0.7. This article presents the current treatment
approach for patients with bone sarcomas.

Treatment

The majority of patients with bone sarcomas require
a multidisciplinary approach that includes orthope-
dic, medical and radiation oncologists, plastic sur-
geons, pathologists, as well as radiologists with ex-
pertise in bone tumors. Surgery is the primary ther-
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Table 1 Classification of primary bone sarcomas

Type Subtype

Chondrosarcoma Conventional

Dedifferentiated

Clear cell

Mesenchymal

Secondary

Osteosarcoma Conventional

Chondroblastic, fibroblastic, osteoblastic, mixed

Parosteal

Periosteal

Intramedullary well differentiated

Surface high grade

Small cell

Telangiectatic

Secondary

Fibrosarcoma

Ewing sarcoma and other round cell sarcomas

Chordoma

Malignant vascular
tumors

Epithelioid hemangioendothelioma

Pseudomyogenic hemangioendothelioma

Angiosarcoma

Kaposi sarcoma

Other uncommon
entities

Adamantinoma

Liposarcoma

Leiomyosarcoma

Malignant peripheral nerve sheath tumor

Primary non-Hodgkin lymphoma

Synovial sarcoma

Undifferentiated high-grade pleomorphic sarcoma

apeutic approach. The role of chemotherapy and ra-
diation therapy is individualized. The classification
of bone sarcomas is based on cell and tissue type,
specific histological characteristics, relationship to the
bone, and biological potential. Table 1 shows the
most widespread classification system, which is pro-
vided by the World Health Organization. For some
bone sarcomas, such as osteosarcoma and Ewing’s
sarcoma, there is a preference to treat the patient with
adjuvant chemotherapy prior to surgical treatment,
thereby aiming to treat potential micrometastatic dis-
ease, reduce the soft tissue mass of the bone tumor,
and/or mature the mass, allowing easier resection [3,
4].

Radiotherapy

The role of radiation therapy is individualized. Radia-
tion therapy can be administered for local tumor con-
trol in patients in whom bone sarcomas are located in
difficult locations, or where a wide resection of the tu-
mor would have a significant impact on the patient’s
ability to live (spine, head, pelvis [5]). It has been
proven that Ewing sarcoma is a radiation-responsive

tumor. Radiation therapy can be used in Ewing sarco-
mas in small tumors, tumors that are not resectable,
in the palliative setting, and in a multidisciplinary ap-
proach. Chondrosarcomas, osteosarcomas, and chor-
domas are not radiation-sensitive [6]. The doses for
chondrosarcomas, osteosarcomas, and chordomas to
achieve local control of the disease vary from 66Gy to
> 75Gy. Radiation therapy can be used preoperatively,
intraoperatively, and postoperatively. This depends
on the site and type of tumor, the achieved surgical
resection margins, and the response to chemother-
apy [6]. In cases of difficult locations of sarcomas,
chemotherapy can be used to reduce and limit tumor
margins. Intraoperative and postoperative radiation
therapy is used for patients with inadequate resec-
tion margins, pathological fractures, poor response to
chemotherapy, or inappropriate surgical margins [7].
In rare cases, primary radiation therapy can be used
for bone sarcomas if a complete wide resection is ei-
ther technically not possible or resection is unaccept-
able for the patient. It can also be used in palliative
cases [8]. For example, chondrosarcomas in the skull
are often not resectable. In such cases, proton beam
radiotherapy should also be considered [8].

Chemotherapy

Chemotherapy for bone sarcomas is usually adminis-
tered in a neoadjuvant scheme. The advantages are
that this provides demarcation of the tumor prior to
surgery and histological tumor response can be as-
sessed after resection of the tumor. Since the inci-
dence of bone sarcomas is so rare, it is recommended
that medical oncologists register bone sarcoma pa-
tients in international cooperative group trials. For
male patients at a reproductive age, sperm storage
can be offered. The options regarding reproduction
for female patients should be discussed with a fertil-
ity expert prior to therapy.

Osteosarcoma and Ewing sarcoma are chemother-
apy-sensitive tumors. Most chondrosarcoma subtypes
do not respond to chemotherapy. Recent reports pos-
tulate that mesenchymal chondrosarcoma may be
chemotherapy-sensitive and may be considered for
adjuvant or neoadjuvant therapy. There is some doubt
as to whether dedifferentiated chondrosarcoma and
mesenchymal chondrosarcoma are chemotherapy
sensitive, but they are often treated like osteosarcoma
[8]. For the curative treatment of high-grade osteosar-
coma, a combination of surgery and chemotherapy is
necessary. Compared with surgery alone, multimodal
treatment of high-grade osteosarcoma increases dis-
ease-free survival from 10–20% to >60%. In most
cases, the protocols include a period of preoperative
chemotherapy, although hard evidence on the benefit
regarding survival over postoperative chemotherapy
alone is lacking [5].

Current treatment regimens for Ewing sarcomas in-
clude neoadjuvant chemotherapy, followed by surgery
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and adjuvant chemotherapy. This protocol leads to
cure in approximately two-thirds of patients with lo-
calized disease [9].

If Ewing sarcomas are treated with surgery or ra-
diotherapy alone, 5-year survival is <10%. The mul-
timodality treatment regime with chemotherapy in-
creases survival rates to 60–70% in localized disease
and to 20–40% in metastatic disease [8].

Chemotherapy in Ewing sarcoma is used accord-
ing to the EURO E.W.I.N.G. 99 (European Ewing Tu-
mour Working Initiative of National Groups) protocol.
Chemotherapy in osteosarcomas is administered in
younger patients according to the EUARMOS (Euro-
pean and American osteosarcoma study group) pro-
tocol or the EURO BOSS (European bone over 40 sar-
coma study) trial in patients older than 40 years [9,
10].

In general, poor histological response to preopera-
tive chemotherapy is a negative prognostic factor.

Surgery

Resection

The first step in tumor resection is to perform an
adequate biopsy of suspected bone in accordance
with the planned resection of the bone sarcoma. The
biopsy of a suspected bone sarcoma should be carried
out at a reference center and performed or supervised
by a physician experienced in limb salvage for bone
sarcomas. In ideal circumstances, the surgeon that
will perform the tumor resection should perform the
biopsy [11, 12]. The goal of biopsy is to obtain di-
agnostic tissue while minimizing morbidity, limiting
potential tumor spread, and avoiding interference
with future treatments [13].

Surgery should only be performed after adequate
preoperative staging as well as radiological evaluation
with recent computed tomography and magnetic res-
onance imaging of the affected tumor site, and, de-
pending on the tumor entity, neoadjuvant chemother-
apy should be performed. The ultimate goal of surgery
is wide en-bloc resection of the tumor and to pro-
vide microscopically tumor free margins [9]. This can
be done in an intracompartmental approach, but in
the case of clear indications (easily removable bone,
muscle), the entire bone/muscle compartment (extra-
compartmental) can be removed. The tumor with the
biopsy scar needs to be removed with an unviolated
cuff of 2–3cm of healthy tissue. In high-grade sarco-
mas, the aim of surgery is to avoid entering the re-
active zone (possibly microscopically positive) of the
tissue surrounding the tumor [5]. Intralesional resec-
tion: if the tumor is cut or opened at any time during
surgery; marginal resections: to be avoided if a cuff
of less than 2–3cm is left on the tumor (microscopi-
cally positive). Both are postulated to have a higher
local recurrence rate and an adverse effect on overall
survival [14]. For low-grade chondrosarcomas of the

extremities, intralesional surgery is acceptable, since
this has been reported to have a low rate of recurrence
[15].

The goal of surgery is to safely remove the tumor
and to preserve as much function as possible. Ampu-
tation was the standard surgical treatment in the case
of bone sarcomas 40–50 years ago. Nowadays, most
patients should be considered candidates for limb sal-
vage, with the indication for amputation becoming
rare. Amputation can be considered if curative treat-
ment with limb salvage is not possible. Amputation
may be required if the tumor invades major vessels
and nerves, intraoperative negative resection margins
are obtained, or a functionally insufficient extremity
is the result of surgery [16].

If neurovascular structures are not surrounded by
the sarcoma, these structures can be spared. If more
than 50% of the neurovascular structures are encased
by the sarcoma, arterial resection may be performed
to bypass the vessel and leave the encased structure
on the resected tumor [8]. In these cases, reverse in-
terpositional vein graft, synthetic graft, or vein allo-
graft can be used to restore vascular function.

Fractures

In cases of pathological fracture caused by osteosar-
coma, neoadjuvant chemotherapy should be used
in the expectation that a good response will allow
the fracture hematoma to retract and allow subse-
quent resection of the tumor and the involved soft
tissues. Published data showed that surgery fol-
lowed by neoadjuvant chemotherapy could boost
the overall survival rate to 92%, in contrast to 58%
of patients receiving manipulative therapy. Patients
that did not receive neoadjuvant chemotherapy had
significantly higher rates of metastasis and poorer
prognosis (p< 0.05) [17, 18]. In patients with a poor
response to chemotherapy or in tumors that are not
sensitive to chemotherapy, like chondrosarcomas,
early surgery obtaining wide margins should be con-
sidered. In some cases, this may require amputation
of the affected extremity.

Reconstruction

Following limb salvage, bone and soft tissue recon-
struction is necessary. Megaprosthetic or allograft re-
construction can be performed. Allograft prosthesis
composites are frequently used in certain tumor lo-
cations like the proximal humerus or the proximal
tibia. Biological reconstruction, such as the implanta-
tion of allografts or vascularized and non-vascularized
fibulas, is mainly used for the interposition of diaphy-
seal defects [19]. In the majority of patients, modular
megaprosthetic reconstruction is used for limb sal-
vage. Some tumor locations are highly challenging
for reconstruction. For example, pelvic resection and
reconstructions are one of the most challenging pro-
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cedures. Pelvic resections often include resections of
the sacrum or the spine, and these structures are very
difficult to reconstruct.

In growing children, reconstruction after bone sar-
coma resection is challenging, particularly in terms of
addressing leg length inequality. If resection involves
the joint, an expandable prosthesis or rotationplasty
should be considered [20].

Take home message

� Bone sarcomas are rare, but appropriate treatment is
crucial and requires an interdisciplinary team of sur-
geons, oncologists, and radiotherapists.

� All patients should receive individual specialist treat-
ment in reference centers with the aim of limb sal-
vage.
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