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Abstract: Despite significant advancements in the diagnosis and 

treatment of osteosarcoma to date, overall survival has remained 

relatively constant for over 2 decades. The challenge in osteosar-

coma stems from the extreme variability from one tumor to the next, 

making it unlikely that a single target approach would be able to 

address all or even a majority of patients. Awareness, education, and 

proper referral patterns serve to minimize avoidable errors in diagno-

sis and treatment. However, it is unlikely that these efforts alone will 

significantly improve survival outcomes. Modern multi-agent chemo-

therapy has resulted in the greatest improvement in overall survival 

to date, and it is very likely that future improvements in survival 

will arise from combination-targeted chemotherapy in addition to 

conventional treatment. 

Introduction

Osteosarcoma is a primary mesenchymal tumor that is characterized 
histologically by the production of osteoid by malignant cells.1 It 
is a relatively rare malignancy, with approximately 900 new cases 
reported in the United States per year.2 It represents less than 1% 
of cancers reported within the United States, with a peak incidence 
of 4.4 cases per million per year in the adolescent and young adult 
population.3 Despite their rarity, osteosarcomas are the most com-
mon primary malignancy of bone,4 representing approximately 
3.4% of all childhood cancers and 56% of malignant bone tumors 
in children.5 

Epidemiology

Osteosarcoma follows a bimodal distribution, with an initial peak in 
the late adolescent and young adult period and a second peak dur-
ing or after the 6th decade of life. Although adolescent and young 
adult osteosarcomas are nearly always considered primary, one-third 
to one-half of the adult tumors are classified as secondary,6,7 result-
ing, for example, from malignant transformation of Paget disease 
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of bone or, less commonly, another benign bone lesion. 
A multi-institutional review of the Japanese population 
reports a lower incidence of Paget disease and a higher 
incidence of primary adult osteosarcoma, suggesting 
either a geographic or ethnic influence on incidence.8 

Adolescent and early adult osteosarcoma (ages 0–24 
years) occurs at an age-adjusted incidence of 4.4 per mil-
lion within the United States.6 Incidence is higher among 
males (male:female ratio, 1.43:1), but peaks earlier among 
females (age 12 vs 16 years). An association between rapid 
bone growth and osteosarcoma has been argued, given 
the tumor’s typical metaphyseal location and its peak 
incidence during adolescence and early adulthood. Sup-
port for this theory includes a 185-fold risk in large-breed 
compared with small-breed canines.9 Patients with osteo-
sarcoma have been found to be significantly taller than 
the general population10,11 and the earlier age of onset in 
the female population also seems to indirectly support 
this theory, given earlier skeletal growth and maturity 
in females compared with males. Incidence is highest 
among Asian/Pacific Islanders (5.3 per million) followed 
by blacks (5.1 per million), Hispanics (4.9 per million), 
whites (4.4 per million), and American Indian/Alaskan 
natives (3.0 per million). The second peak, between the 
ages of 60 and 85, demonstrates an incidence within the 
United States of 4.2 per million, and is overall more com-
mon among females (male:female ratio, 0.89:1), though 
Paget-associated osteosarcoma is more frequent among 
males (male:female ratio, 1.58:1). The greatest incidence 
within this age group is among blacks (4.6 per million), 
followed by whites (3.7 per million), Hispanics (3.0 per 
million), American Indian/Alaskan natives (2.9 per mil-
lion), and Asian/Pacific Islanders (1.9 per million).

Pathogenesis

Several risk factors for the development of osteosarcoma 
are well established. The use of ionizing radiation for the 
treatment of childhood solid cancers has been well impli-
cated in the development of a second malignancy,12,13 of 
which osteosarcoma is the most likely to develop within 
the first 2 decades following treatment.12,14 A more recent 
review of 108 secondary sarcomas in patients surviving 
all types of childhood malignancies found osteosarcoma 
to be the second most common cancer, occurring in 31 
of 100 classifiable tumors.15 This association has been 
attributed to high cumulative radiation doses16 as well 
as high doses of alkylator or anthracycline-containing 
chemotherapies.12,14,17 More recently, it has been shown 
that even after radiation and chemotherapy treatments 
are controlled for, primary childhood sarcoma survivors 
are at an increased risk for a second malignancy, with 
osteosarcoma occurring approximately one-third of the 
time.15 A review of 3,482 cases using the Surveillance, 

Epidemiology and End Results (SEER) 17 database 
found the overall incidence of osteosarcoma as a second 
cancer to be 10%.3

A second recognized risk factor for the develop-
ment of osteosarcoma is Paget disease of bone, or osteitis 
deformans, which is an uncoupling of bone formation 
and resorption resulting in an accelerated rate of bone 
turnover. The incidence of malignant transformation of 
Paget disease is approximately 1%,18 relatively unchanged 
from historical reviews.19,20 Although histologically the 
same as spontaneous osteosarcomas, those arising from 
Paget disease demonstrate a remarkably poor outcome,21 
with no significant improvement in treatment or survival 
despite the advent of modern adjuvant treatments.22 
There is some evidence that the association between Paget 
and osteosarcoma is in fact a genetic predisposition, with 
both demonstrating a loss of heterozygosity involving, to 
varying extents, the distal end of chromosome 18.23

There are a number of inherited genetic conditions 
that predispose affected individuals to a variety of mal-
ig nancies, among them osteosarcoma. These include 
hereditary retinoblastoma, Li-Fraumeni syndrome, 
Rothmund-Thomson syndrome, and Bloom and Werner 
syndromes. In patients carrying a germline mutation of 
the RB gene, osteosarcoma is the second most common 
malignancy to develop after retinoblastoma,24 and it 
occurs at an incidence 500 times that of the normal popu-
lation.25 In general, greater than 70% of all osteosarcomas 
demonstrate an overt form of mutation in the RB gene.26 
Li-Fraumeni is a familial syndrome, which involves the 
germline mutation of p53, predisposing affected indi-
viduals to a multitude of cancers including breast cancer, 
brain cancers, soft tissue sarcomas, leukemia, adrenocor-
tical tumors, and osteosarcoma. Osteosarcoma has been 
reported as being the second most common malignancy 
in this patient population, with an incidence of around 
12%.27 Approximately 71% of cases demonstrate a p53 
tumor suppressor gene mutation on chromosome 17p13, 
implicating this genetic defect as a likely but not exclu-
sive cause of malignancy in this syndrome.28 Overall, the 
number of osteosarcoma cases associated with a germline 
p53 mutation is low, and in the pediatric population has 
been reported to be involved in only approximately 3% 
of cases.29 Although over two-thirds of cases are associated 
with an overt mutation in the RB and p53 genes, it is 
conceivable that more elusive defects in their associated 
pathways exist. The role of RB and p53 may be far under-
stated, and it has been postulated to be essential in the 
development of this and many other cancers. 

Rothmund-Thomson syndrome, or poikiloderma 
congenitale, is a genomic instability syndrome with 
RECQL4 gene mutations identified in approximately 
70% of cases. Although sporadic osteosarcoma has not 
been linked to RECQL4 gene mutations, osteosarcoma 
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develops in up to 32% of Rothmund-Thomson syndrome 
cases.30 Although these patients present at an earlier age, 
their clinical course is similar to sporadic osteosarcoma.31 
The RECQ gene family has also been implicated in condi-
tions such as Bloom syndrome (RECQL2) and Werner 
syndrome (RECQL3), both of which are associated with 
a wide variety of malignancies including osteosarcoma.

Clinical Presentation

Patients typically present with localized pain and swell-
ing of the affected area, with the most frequent sites of 
disease in descending order being the metaphyseal bone 
of the distal femur, the proximal tibia, and the proximal 
humerus. Although mild blunt trauma is often reported 
as an antecedent event, no convincing evidence to sup-
port an association between trauma and osteosarcoma 
currently exists. Pain may initially be described as activ-
ity-related, but over time it often progresses to pain at 
rest and night pain. Pain is typically reproducible with 
palpation. Clinical symptoms frequently last for weeks to 
months prior to presentation and are commonly attrib-
uted to “growing pains.” The median time from onset of 
symptoms to diagnosis is 4 months, though significant 
variability exists. Rarely, pathologic fracture is the present-
ing sign. Systemic complaints such as fever and weight 
loss are rare. Laboratory values are of little utility with the 
exception of alkaline phosphatase (ALP), which is elevated 
in approximately 40% of cases32 and lactate dehydroge-
nase (LDH), which is elevated in approximately 30% of 
cases.33 Normal pretreatment ALP levels have been associ-
ated with improved 5-year disease-free survival (67% vs 
54%) and a longer time to disease recurrence (25 months 
vs 18 months).34 LDH also offers prognostic information, 
with an extreme elevation portending a poor outcome.35 
Despite these and other studies, the clinical utility of these 
markers is debatable.

Approximately 10–20% of patients present with 
macroscopic evidence of metastatic disease and approxi-
mately 80% of patients present with microscopic meta-
static disease, which is subclinical or undetectable using 
current diagnostic modalities. Metastatic disease typically 
develops hematogenously, with the most common sites 
of metastasis being the lungs followed by other bones. 
Skip metastases, previously described as occurring hema-
togenously, may represent locoregional events and may 
occur in a manner distinct from distant hematogenous 
spread. They are generally thought of as local noncontinu-
ous spread of disease within the same bone as the primary 
tumor. While it may represent metastatic bone disease, 
it is currently unclear whether this process is exactly the 
same as more distant hematogenous spread. Regardless, 
the presence of skip metastases portends dismal prognosis 

and may reflect an inherently different biology in this 
subset of tumors.

The most reliable and important prognostic indicator 
currently available is the detection of metastatic disease 
at the time of presentation, with long-term outcomes 
reduced from 70% to less than 20% in such instances. 
Metastatic lung disease has a better prognosis than does 
either metastatic bone disease or skip metastases. Patients 
with lung disease who have fewer than 3 nodules and 
unilateral disease may have a survival advantage, prob-
ably because surgery can render such individuals free of 
disease. This advantage remains somewhat controversial, 
however, and it has been suggested that increased 5-year 
survival is related to tumor necrosis greater than 98% 
and a disease-free interval of greater than 1 year rather 
than nodule number or location.36,37 Patients with either 
progressive tumor growth while undergoing systemic 
treatment or with recurrent disease have a less than 20% 
rate of long-term survival. Other commonly referenced 
prognostic indicators include LDH elevation and Huvos 
tumor necrosis grade,38 following standard neoadjuvant 
chemotherapy administration and wide surgical resec-
tion. Interestingly, modifications of neoadjuvant treat-
ment regimens to achieve better tumor necrosis thus 
far have not affected survival outcomes.39 It has been 
speculated that Huvos grading simply describes inher-
ent tumor responsiveness to chemotherapy and is not 
an indicator of systemic chemotherapy effectiveness, 
and furthermore, that manipulation of chemotherapy 
to improve local necrosis does not necessarily improve 
overall patient survival.

Diagnosis and Staging

Accurate diagnosis and staging are fundamental prerequi-
sites for appropriate treatment planning, patient educa-
tion and guidance, and patient participation in clinical 
trials. It is important that the treating team be experi-
enced in the diagnosis and treatment of bone sarcomas to 
minimize iatrogenic morbidity and maximize diagnostic 
accuracy. Osteosarcomas are often treated at tertiary care 
facilities, which evaluate and treat these rare malignan-
cies in multidisciplinary settings that serve to improve 
communication between physicians and coordination of 
patient care.

Imaging studies include plain radiographs of the 
involved bone and adjacent joint. Osteosarcoma typi-
cally appears as a mixed radiodense and lytic lesion aris-
ing in an eccentric manner from the metaphyseal bone.  
(Figures 1 and 2). There is frequently mass extension into 
the adjacent tissue. Cortical destruction and periosteal 
reaction are common, and typically manifest in a sunburst 
pattern. In addition, a Codman’s triangle, or elevation 
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of the periosteum at the tumor’s periphery, is a classic 
though nonspecific feature. Osteosarcoma mineralizes in 
a centrifugal manner and should not be confused with 
myositis ossificans, which has an overall benign appear-
ance and which ossifies in a centripetal fashion. The plain 
radiograph is very suggestive, and classic radiographic 
features should prompt the assumption that the lesion is 
a primary bone sarcoma until otherwise proven. Pain at 
rest, night pain, and progressive pain all warrant radio-

graphic examination. Given the relative ease and safety of 
radiography, clinicians should maintain a low threshold 
for obtaining plain films. 

A magnetic resonance imaging (MRI) study of the 
entire bone is warranted for anatomic evaluation of soft 
tissue extension, to assess proximity to surrounding struc-
tures, and to identify skip metastases (Figures 3 and 4). 
MRI studies can also suggest the rare but recognized 
phenomenon of tumor extension into the adjacent joint, 
which in the knee more commonly occurs by tumor 
growth along the cruciate ligaments.

Computed tomography (CT) scans are rarely 
obtained for the primary tumor, since soft tissue exten-
sion, local intramedullary extension, and intramedul-
lary skip metastases are all better visualized using MRI. 
However, a CT scan of the thorax is currently the most 
sensitive noninvasive diagnostic modality available for 
the detection of metastatic disease within the lungs. Cur-
rent diagnostic limitations preclude accurate detection of 
metastatic nodules under 5 mm in size, and therefore, a 
repeat CT scan for assessment of interval change in 6–12 
weeks time is often recommended. CT scans have been 
shown to be inferior to manual tactile examination dur-
ing open thoracotomies, with metastatic disease identified 
in up to one-third more cases using manual palpation.40 
In general, florid disease throughout the lungs can be 
diagnosed with CT scan alone; however, a single or a few 
small nodules should be histologically confirmed to be 
metastatic osteosarcoma.

Bone scintigraphy using technetium99 is employed 
for the detection of distant bone disease, which is the 
second most likely location for metastatic spread. Posi-
tive findings on bone scan may warrant additional imag-

Figure 1. Anterior-posterior (A) and lateral (B) 
radiographs of a distal femoral osteosarcoma 
demonstrating a mixed radiodense and radiolucent 
lesion with associated periosteal reaction.

Figure 2. Anterior-posterior (A) and lateral (B) radiographs 
demonstrating a humeral diaphyseal lesion with extensive 
cortical destruction, soft tissue mass extension, and  
periosteal reaction.

A B

A B
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ing of the area of concern and, ultimately, a biopsy may 
be necessary to prove the definitive presence of distant 
bone disease.

The role of positron emission tomography (PET) in 
the setting of osteosarcoma continues to evolve. There 
has been some interest in using PET technology to assess 
histologic response to chemotherapy and/or to predict 
progression-free survival (PFS). At least 1 report has con-
cluded that total lesion glycolysis before chemotherapy 
correlates with poor overall survival and that an increase 
in total lesion glycolysis after chemotherapy correlates 
with worse PFS.41 The same authors reported that high 
post-chemotherapy maximum standardized uptake values 
(SUV), defined as more than 5 g/mL, correlated with poor 
overall survival, and high pre- and post-chemotherapy 
SUV (max) correlated with poor PFS. Currently, the exact 
role for PET imaging within the formal staging scheme 
remains unclear.

Biopsies should be performed at a tertiary care medi-
cal center with experience in sarcoma diagnosis and treat-
ment. Ideally, the biopsy should be obtained either by the 
surgeon who will ultimately render definitive care or, in 
some instances, by a radiologist well versed in sarcoma 
core needle biopsy techniques. This concept is critical to 
oncologic and functional outcomes, and adverse effects 
associated with deviation from this approach have been 

well documented. Biopsies performed at a referring facil-
ity were compared with those performed at a treatment 
center, and results included a higher rate of major error in 
diagnosis (27% vs 12%), nonrepresentative biopsy results 
(14% vs 3.5%), alteration in treatment (36 vs 4%), and, 
most importantly, a change in outcome (17% vs 3.5%).42 
The biopsy should be performed as the final step in the 
staging process, after imaging studies have been reviewed 
and considered by the multidisciplinary sarcoma team. 
Biopsies may be performed in the operating room in an 
incisional open manner or as an outpatient procedure 
using a core needle technique. An incisional biopsy yields 
a large amount of tissue and enjoys the highest rate of 
diagnostic success, approximately 96%. Careful hemosta-
sis is critical to minimize hematoma formation. Incision 
and drain site location are vital, as they ultimately need 
to be resected with the tumor in an en bloc manner. Core 
needle techniques are also acceptable, and in the setting of 
malignant bone tumors, yield reasonable, albeit reduced, 
diagnostic accuracy ranging from 74% to 88%,43-45 with 
positive predictive value reported to be above 98%.46 Fine 
needle aspiration, while useful for the identification of 
malignant cytologic features, provides too small a sample 
with no appreciable histologic architecture, and is not 
appropriate for the diagnosis of a primary sarcoma. 

Surgical staging is performed using the Musculo-
skeletal Tumor Society staging scheme, originally devel-
oped and described by Enneking.47 It defines tumors 
as being either low grade or high grade (I vs II), intra-
compartmental or extracompartmental (A vs B), and 

Figure 3. Post-contrast T1 fat suppressed coronal magnetic 
resonance image demonstrating large extraosseous tumor 
extension (solid arrow) and intramedullary extent  
(dashed arrow).

Figure 4. T2 axial magnetic resonance image demonstrating 
large extraosseous tumor extension with periosteal reaction 
(solid arrow). The neurovascular bundle is adjacent to but 
uninvolved in tumor (dashed arrow).
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metastatic (III; Table 1). The American Joint Committee 
on Cancer (6th edition) has put forth a tumor, lymph 
nodes, metastases staging system, which arguably is of 
less surgical utility. 

Surgical Treatment

Surgical treatment demands complete extirpation of the 
tumor together with any previously placed biopsy tract, 
drain tract, or potentially contaminated tissue. This 
should be a wide excision, meaning a normal cuff of 
tissue should surround or envelope the tumor, ensuring 
complete containment of malignant cells. Wide exci-
sions may be realized through more ablative means such 
as an amputation or a disarticulation, or through more 
conservative means. The latter approach spares many of 
the uninvolved structures and allows for limb-salvage 
reconstruction. The decision as to whether a limb sal-
vage procedure is appropriate needs to be objectively 
and accurately stated, and should be considered by the 
treating sarcoma team in advance of surgery. Though 
limb salvage surgery is often the preferred choice for 
many patients and families, it is not always the proper 

oncologic procedure, and optimizing oncologic out-
comes takes priority over functional outcomes. 

As most osteosarcomas arise within the metaphyseal 
bone and do not extend into the joint, intra-articular 
resections are most commonly offered. In the case of 
rare intra-articular tumor extension, an extra-articular 
resection becomes necessary. In the uncommon advent 
of a small tumor, a hemicortical or partial metaphyseal 
resection may be possible, which in some instances can 
yield much better long-term limb function. In the case 
of a purely diaphyseal lesion, intercalary resection of the 
involved diaphysis also offers excellent reconstructive 
and functional outcomes, sparing the adjacent joints 
and obviating the joint reconstruction typically required 
(Figure 5).

Intra-articular resections can be reconstructed in a 
variety of manners. Allograft bone can be obtained from 
commercial cadaveric bone banks and can be selected to 
match the patient’s size and anatomy (Figure 6). Bulk 
osteoarticular allograft offers the benefit of restoring bone 
stock and postponing the need for joint replacement. 
If and when arthritis necessitates joint replacement, 
allograft allows for use of conventional joint replacement 
implants, which have improved longevity compared 
with that of megaprostheses. In addition, allograft bone 
is harvested with tendonous and/or ligamentous soft 
tissue attachments, allowing for a more physiologic soft 
tissue repair and improved joint function, in particular at 
the proximal tibia and the proximal humerus where the 
patellar ligament and the rotator cuff insert, respectively. 
Despite these advantages, allograft bone does have sub-
stantial limitations. Although it will heal to the adjacent 
host bone and will remodel for several millimeters at 
the allograft-host junction, it is not viable and does not 

Table 1. Musculoskeletal Tumor Society Staging System for 
Osteosarcoma

Intracompart-
mental

Extracompart-
mental

Low Grade IA IB

High Grade IIA IIB

Metastatic III III

Figure 5. Anterior-posterior (A) and lateral 
(B) radiographs demonstrating an intercalary 
reconstruction using a size-matched allograft  
(solid arrow) and compression plating across  
the allograft-host junctions (dashed arrows).

A B
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ever fully re-vascularize. For this reason it is subject to 
non-union, fracture, and infection. Non-union has been 
shown to increase in the setting of either fracture or infec-
tion, and can occur in 11–27% of cases, with the higher 
rates seen in cases of concomitant chemotherapy admin-
istration.48 Infection can occur in approximately 15% of 
cases49 and fracture may occur in up to 27% of cases.50 

These complications are challenging and often require 
additional surgery, including, at times, amputation.

Intra-articular resections may also be reconstructed 
using endoprosthetic joint replacements or megaprosthe-
ses (Figure 7). Although historically these were custom 
made for each patient, they are currently modular and 
typically available as off-the-shelf implants. They can 

Figure 6. Anterior-posterior (A) and lateral views (B, C) of a distal femoral reconstruction using a sized-matched osteoarticular 
allograft and locking orthogonal large fragment plates.

Figure 7. Anterior-posterior 
(A) and lateral (B) radiographs 
demonstrating reconstruction 
of a proximal femoral tumor 
using a cemented proximal 
femoral endoprosthesis.

A B C

A B
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replace a small segment of bone adjacent to the joint or, 
at the extreme, an entire bone as well as both adjacent 
joints. Theses modular systems support intraoperative 
needs, which may not always be anticipated. They allow 
for immediate weight bearing and immediate joint stabil-
ity, resulting in improvement of joint motion and return 
to functional activity. They preclude additional splint-
ing or casting and facilitate a return to independence 
for patients. Drawbacks include implant failure such as 
fracture or aseptic loosening, and infection is always a 
concern. In addition, the polyethylene articulating com-
ponents suffer surface wear over time and almost always 
require replacement at some point.

Allograft-prosthetic composites combine the 2 tech-
niques discussed thus far, marrying the implant benefits of 
stability, strength, and modularity with the bone-restoring 
and soft-tissue benefits conferred by the allograft. This 
reconstruction has particular application in the proximal 
tibia and in the proximal humerus. 

For skeletally immature patients with lower extremity 
tumors, anticipated limb length inequality beyond 5 cm 
was historically an indication for amputation. Currently, 
expandable prostheses are available, which allow for either 
invasive or non-invasive incremental limb lengthening. 
These systems are often considered temporary prosthe-
ses, lacking the structural strength required for adults’ 
demands, and are often implanted with the understand-
ing that they will need to be revised at some point in the 
future. They are relatively costly, but address an unusual 
reconstructive challenge and have made limb salvage for 
the very young patient possible. 

Amputation is always a good oncologic procedure 
but is often misconstrued to be a procedure with poor 
functional results. Interestingly, amputations are often 
preferred over limb-salvage procedures for patients who 
want to maintain very athletic lifestyles. Patients who 
undergo amputations can sustain a much higher activity 
level, including impact activities such as running or skiing. 
In addition to having a lower risk of recurrence, amputa-
tion offers a more definitive solution in the sense that 
patients are much less likely to require additional surger-
ies, thereby eliminating the complications of non-union 
and fracture entirely and greatly decreasing the risk of 
infection.51 Replacement or repair of an external prosthe-
sis obviously does not involve surgery or hospitalization 
and thereby avoids inherently associated complications. 
Although thought to be less costly in the past, more recent 
data show that the cost of an amputation and the external 
prosthesis is more expensive over a patient’s lifetime when 
compared with that of a limb-salvage procedure.52

The Van Ness rotationplasty serves to convert an 
above knee amputation into a below knee amputation 
and has been characterized as an intercalary amputation 

with sparing of the sciatic nerve and, when possible, the 
femoral vessels.53,54 This is accomplished by resecting the 
tumor, rotating the lower leg 180 degrees, and reattach-
ing the remaining distal tibia to the remaining proximal 
femur. This effectively converts the ankle joint into a knee 
joint. The reconstruction allows for preservation of pro-
prioception and sensation and decreases energy expendi-
ture compared with an above knee amputation. Function 
is often remarkable, with excellent gait, functional activ-
ity, and emotional acceptance reported. The technique is 
especially appropriate for skeletally immature patients. 
Although oncologic and functional outcomes are excel-
lent, many parents and patients prefer limb salvage proce-
dures if possible for cosmetic and social reasons. Having a 
candidate and his or her family meet with a rotationplasty 
patient often helps to alleviate many initial fears and 
concerns and offers patients a better appreciation for the 
procedure and its benefits. 

Metastatic disease must be aggressively resected. 
Complete removal of all known sites of disease confers a 
survival benefit, and cure is improbable without metasta-
sectomy.55 Surgical resection should be undertaken via an 
open thoracotomy, which allows for manual examination 
of the lung tissue and often identifies small, otherwise 
unnoticed foci of disease. Up to 30% of lung metastases 
are too small to detect using current CT scan technol-
ogy.40 For this reason, even without radiographic evidence 
of disease, patients with histologically-proven lung metas-
tases should undergo exploration of the contralateral lung. 

Systemic Treatment

Historically, chemotherapy was administered as single-
agent treatment. Early studies proved such regimens to 
be of less benefit, and combination protocols became 
favored. Doxorubicin and methotrexate in combination 
provided relapse-free survival rates of up to 60% and, 
as a result, became central to modern chemotherapy 
treatment regimens. Although bleomycin, cyclophos-
phamide, and actinomycin D (BCD) were frequently 
utilized in the past, this regimen was ultimately aban-
doned, as it offered little benefit when given in addition 
to adriamycin and methotrexate. 

The value of chemotherapy for the treatment of 
osteosarcoma has been clearly proven in randomized 
clinical trials.56,57 Current systemic chemotherapy treat-
ment typically consists of cisplatin, doxorubicin, and 
high-dose methotrexate. Neoadjuvant or induction che-
motherapy is generally administered for a period of 10 
weeks prior to local control. Following surgical resection 
and a brief lapse to allow for surgical wound healing, 
maintenance chemotherapy is typically continued for a 
period of 29 weeks. This treatment regimen yields cure 
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rates in approximately 70% of patients with localized 
disease. Unfortunately, it achieves a long-term survival 
rate of less than 20% in patients presenting with meta-
static disease. Patients who responded poorly to frontline 
3-agent chemotherapy in prior studies have not enjoyed 
improved results from second-line or additional chemo-
therapy regimens. Though some reports suggest a role for 
added systemic treatment,58,59 others conclude that these 
efforts are of minimal benefit at best55 and, to date, are 
recognized to be largely ineffective.60 Rendering a patient 
surgically clear of disease does confer survival improve-
ment and is currently the most effective means for dealing 
with recurrence.55

Ifosfamide both alone and in combination with 
etoposide has been controversial and remains under 
investigation. Response rates of up to 30–40% for 
patients with either recurrent or metastatic disease have 
been reported,59,61 and its efficacy as an addition to 
first-line treatment has been purported by a number of 
European studies.62-64 However, this finding has been 
called into question by North American studies, which 
reported a lack of obvious efficacy using ifosfamide 
alone as an addition to standard first-line treatment.65 
Although the study was designed to evaluate safety and 
not survival benefit, Schwartz and colleagues noted no 
statistically significant difference with the intensification 
of ifosfamide and etoposide for poor responders follow-
ing induction chemotherapy.66 To better characterize the 
efficacy of ifosfamide and etoposide in osteosarcoma, the 
European and American Osteosarcoma Study Group 1 
trial (EURAMOS-1) was undertaken by several European 
cooperative groups and the Children’s Oncology Group 
(COG) in a collaborative effort and is currently ongoing. 
This study is designed to evaluate whether ifosfamide plus 
etoposide offers added benefit to patients demonstrating 
poor response to induction chemotherapy. In addition, it 
seeks to identify whether interferon-a offers added ben-
efit for patients demonstrating good response to induc-
tion chemotherapy.

Future Strategies

Immunomodulatory Agents
Muramyl tripeptide phosphatidylethanolamine (MTP-
PE), a liposomally encapsulated synthetic analog of 1 
component of the Bacille Calmette-Guérin bacterial cell 
wall, is believed to activate monocytes and macrophages 
against osteosarcoma cells. Initial interest in the drug is 
rooted in the notion that inflammatory responses, such 
as those seen with infection, result in improved outcomes 
in the treatment of malignant tumors. In a nonrandom-
ized retrospective review, postoperative infection had been 
reported to serve as an independent prognostic factor in 
patients with osteosarcoma, with 10-year survival increas-

ing to 84.5% from 62.2% in noninfected patients.67 
MTP-PE is intended to cause an inflammatory response, 
including the activation of macrophages, induction of 
tumoricidal monocytes, and an increase in levels of cyto-
kines and inflammatory molecules.68 In vitro work has 
shown that the drug can enhance activation of murine 
macrophages and human monocytes69 and that liposomal 
packaging further enhances this effect while reducing 
toxicity.70 Although activity has been demonstrated in 
both xenograft and canine models, initial reports of a  
cooperative Children’s Cancer Group (CCG) and Pediat-
ric Oncology Group (POG) phase III study were difficult 
to interpret due to an interaction between ifosfamide and 
MTP-PE in the initial report. More recently, a second 
report with longer follow-up data from the same study 
demonstrated improved 6-year overall survival (78% vs 
70%). This study still showed no significant difference 
between event-free survivals.65 Although approval for 
clinical use has been granted in Europe, approval by the 
US Food and Drug Administration has not been real-
ized. Tremendous controversy surrounding this topic  
is ongoing.71

Aerosolized granulocyte macrophage colony stimu-
lating factor has primarily been utilized to promote 
recovery from chemotherapy-induced neutropenia. More 
recently, its immunomodulatory effects have been inves-
tigated. Although phase I results in patients with lung 
metastases showed no adverse effects,72 recently presented 
phase II results were less encouraging. 

Signal Transduction Pathway Inhibitors
The mammalian target of rapamycin (mTOR) is a ser-
ine/threonine kinase, which plays an important role in 
mRNA translation, cell growth, and cell proliferation via 
phosphorylation of downstream targets.73 It is affected 
by a variety of signaling factors, including insulin, amino 
acids, and oxygen levels. It controls advancement of the 
cell cycle from G1 into S phase via S6K1, which affects 
ribosomal translation, and via eIF4E, which affects trans-
lation. Abnormal mTOR signaling has been implicated in 
numerous malignancies and, as such, it has been consid-
ered a potential therapeutic target. Immunohistochemical 
expression of mTOR and p70S6 kinase, a downstream 
target of mTOR, has a significant association with 
worse survival outcomes.74 Rapamycin, a macrocyclic 
lactone antibiotic and its analogs—temsirolimus (Torisel, 
Wyeth), everolimus (Afinitor, Novartis), and AP23573 
(ridaforolimus)—are specific inhibitors of mTOR and 
may directly effect cancer cell growth and proliferation. 
In addition, they may also exert an anti-angiogenic effect 
by decreasing vascular endothelial growth factor (VEGF) 
production and by inhibiting endothelial response to 
circulating VEGF. Rapamycin has shown initial promise, 
inhibiting metastatic disease in murine models75 and 
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demonstrating activity in in vivo testing against osteo-
sarcoma xenografts.76 To date, encouraging phase II data 
have been reported, with 30% of patients with bone 
sarcomas treated with AP23573 demonstrating either a 
partial response or stable disease for 16 weeks.77 Ongo-
ing evaluation of rapalog use in a variety of malignancies, 
including sarcomas, is under way.

Tyrosine Kinase Inhibitors
The insulin-like growth factor pathway has been recog-
nized as essential to normal growth, with mutations in 
either the receptor or the ligand resulting in a multitude 
of developmental abnormalities.78 The insulin-like growth 
factor 1 receptor (IGF-1 R) is a dimeric receptor tyrosine 
kinase, which binds IGF-1 and IGF-2 to affect the down-
stream pathways, phosphatidylinositol 3’-kinase (P13K), 
and mitogen-activated protein kinase (MAPK). There is 
abundant evidence supporting IGF signal transduction 
as playing a central role in tumorigenesis. High levels of 
expression of IGF-1, IGF-2, and IGF-1R in sarcomas have 
been reported.79,80 Epidemiologic links between IGF-1 
serum levels and the risk of developing a malignancy 
have been observed,81,82 and IGF-1R has been reported 
to transform human fibroblast cells both in vitro and in 
vivo.83 Interest in IGF-1R-targeted therapy has developed 
in 2 ways. The first involves the use of semi-specific small-
molecule tyrosine kinase inhibitors such as OSI-906 (OSI 
Pharmaceuticals, Inc.) or BMS-754807 (Bristol-Myers 
Squibb). There is some concern that glucose metabolism 
may be affected due to the cross-reactivity resulting from 
similarities between the binding sites of the IGF-1R and 
the insulin receptor. To date, most small molecule inhibi-
tors have not progressed on to clinical trials due to toxicity 
concerns. The second approach to targeted therapy has 
been the development of monoclonal antibodies against 
IGF-1R. Preclinical data have been encouraging, with 
one agent achieving complete responses in 2 osteosar-
coma xenografts.84 The combination of a second IGF-1R 
targeting antibody, CP-751,871 (figitumumab, Pfizer), 
with the mTOR inhibitor rapamycin has been reported 
to induce significant in vivo reduction in tumor VEGF 
levels and complete remission in 3 of 4 xenograft osteo-
sarcoma models.85 Phase I results evaluating the use of 
CP-751,871 in patients with multiple sarcoma subtypes 
including Ewing sarcoma demonstrated the drug to be 
well tolerated with a favorable pharmacokinetic profile.86 
Two patients with Ewing sarcoma showed an objective 
response, one of whom had a complete response. In addi-
tion, 8 patients experienced stabilization of their disease 
for 4 months or longer. Additional agents have shown 
variable promise in selected cases of other bone and solid 
tumors,87 all with relatively well-tolerated side-effect pro-
files. Phase II trials are currently under way.

Platelet derived growth factor receptor (PDGFR), 
another tyrosine kinase protein implicated in the devel-
opment of osteosarcoma, is thought to inhibit apoptosis 
through the Akt pathway. Poor prognosis has been linked 
to the expression of both PDGFR-a and one of the ligand’s 
dimeric forms, PDGF-AA.88 This finding has been sup-
ported in a more recent report, which demonstrated that 
co-expression of PDGF-AA and PDGF-a receptor corre-
lated with significantly shorter event-free survival, but did 
not correlate with chemotherapy response.89 Although 
preclinical in vitro inhibition of osteosarcoma cell growth 
using imatinib (Gleevec, Novartis) was achieved, the con-
centrations required to do so were too high to be clinically 
relevant. The findings of constitutively active MAPK in 8 
of 10 cultures may explain the high concentration needed 
to inhibit tumor growth. Recent results from a phase II 
COG study do not support its utility as a single agent.90 

HER2/neu
The HER2/neu proto-oncogene, located at 17q21, 
encodes for a transmembrane glycoprotein with tyrosine 
kinase activity. Its protein shares significant similarity 
to epidermal growth factor receptor (EGFR) and other 
members of the EGFR superfamily.91 Since its description 
in 1981, the overexpression of HER2 has been implicated 
in tumorigenicity, and its role is most clearly defined 
in breast carcinoma, where it is amplified and its gene 
product is overexpressed in approximately 30% of cases. 
HER2-targeted treatments have been developed and have 
yielded improved survival outcomes for patients with 
HER2 overexpression. In light of HER2-targeted treat-
ment success for breast cancer, interest in HER2-targeted 
therapy for osteosarcoma has increased. However, the rel-
evance of HER2 expression, even in the context of prog-
nosis, continues to be extremely controversial. Numerous 
reasons for this controversy exist. To date, published 
reports have been small, single-institution, retrospective 
studies with limited size and power. Tissue handling and 
specimen preparation techniques differ from one insti-
tution to the next, which may have variably influenced 
the interpretation of HER2 expression. Similarly, insti-
tutional differences as they relate to treatment, antibody 
use, storage systems, and scoring schemes all play a role in 
how HER2 expression is identified and interpreted.

Given the fact that HER2-targeted treatment 
(trastuzumab [Herceptin, Genentech]) has side effects, it 
would likely serve as clinically relevant only in patients 
with proven HER2-positive tumors. Furthermore, if 
this patient population is, in fact, already responding 
reasonably well to standard treatment, it is not clear that 
outcomes would be impacted in any meaningful way. 
Alternatively, if this patient population showed substan-
tial improvement in overall survival, the argument for 
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targeted treatment for a small subset of patients could be 
conceivably supported.

In an effort to better answer HER2-targeted treat-
ment relevance, the COG initiated a phase II clinical trial 
of trastuzumab plus standard chemotherapy for patients 
with newly diagnosed metastatic osteosarcoma that was 
histologically proven to be HER2-positive. The results 
from this study are not yet available.

Novel Antifolates
Resistance to high-dose methotrexate, one of the cur-
rent first-line chemotherapies used for osteosarcoma, can 
occur via a number of mechanisms, including a decrease 
in reduced folate carrier (RFC) expression, which has 
been shown to occur in 65% of biopsied tumors.92 
Trimetrexate is a structural analog of methotrexate, which 
achieves transport into cells independent of RFC and 
can directly inhibit dihydrofolate reductase. To date, a 
phase II trial combining refractory acute lymphoblastic 
leukemia and osteosarcoma patients has shown response 
in 13% of cases.93 These results have prompted a phase I
trial combining high-dose methotrexate and trimetrex-
ate for patients with recurrent osteosarcoma, with the 
rationale that trimetrexate would impact the transport-
defective osteosarcoma cells and methotrexate would 
affect the transport-intact osteosarcoma cells. A second 
novel antifolate, pralatrexate, has been evaluated for use 
with T-cell lymphoma and lung cancer, with variable 
results reported. Phase II results demonstrated a response 
rate in patients with relapsed or refractory lymphoma of 
10% for B-cell lymphoma patients and 54% for T-cell 
lymphoma patients, with an overall response of 31%.94 
Phase II results in non–small-cell lung cancer demon-
strated median time to progression of more than 10.5 
months and median duration of survival of 13 months.95 
A phase II study in adult patients with unresectable 
malignant pleural mesothelioma resulted in no partial or 
complete responses.96 Currently, the role of pralatrexate in 
the treatment of osteosarcoma is unclear.

Delivery Mechanisms
Nonconventional delivery mechanisms continue to 
evolve in an effort to realize improved outcomes, even 
in the face of relapsed or resistant disease. Aerosolized  
liposomal cisplatin (sustained release lipid inhalation 
[SLIT] targeting cisplatin, Transave, Inc.) has been 
evaluated in patients with pulmonary osteosarcoma in 
a phase Ib/IIa study.97 High concentrations within the 
lungs were achieved in this manner while minimizing 
systemic side effects. Two of 14 patients were disease free 
at 1 year from initiation of treatment. 

Liposomal doxorubicin has been shown to have 
increased uptake within osteosarcoma tumor cells.98 

Phase II results yielded objective responses in 3 of 47 
patients; however, the authors felt that 15 of 47 patients 
derived some degree of clinical benefit.99

Microenvironment
The importance of tumor microenvironment is gaining 
recognition, and there is a growing interest in effecting 
tumor inhibition through the manipulation of local fac-
tors and conditions. Bisphosphonates are widely used in 
the treatment of osteoporosis as well as tumor-related 
bone pain. The more commonly utilized non-nitrogenous 
drugs exhibit a much higher potency and act by blocking 
farnesyl diphosphate synthase (FPPS) within the HMG-
CoA reductase pathway.100 This, in turn, results in inhibi-
tion of protein prenylation and, in particular, interferes 
with the osteoclast’s ruffled border. It is speculated that 
the positive feedback loop of bone resorption, growth 
factor release, and bone formation may predispose or 
play a role in the development of osteosarcoma. There-
fore, bisphosphonate-dampened bone resorption may be 
important in the treatment of osteosarcoma. In addition, 
in vitro and animal studies have shown a more direct 
effect on tumor cells.101,102 Currently, a COG feasibility 
and dose discovery analysis study (COG-AOST06P1) is 
under way; it is designed to evaluate the use of zoledronic 
acid (Zometa, Novartis) in combination with cisplatin, 
high-dose methotrexate, doxorubicin, ifosfamide, and 
etoposide. It will evaluate the safety profile and event-
free survival effects of zoledronic acid in patients with 
newly diagnosed metastatic osteosarcoma.

VEGF is a glycoprotein involved in the migration of 
vascular endothelial cells, playing a role in angiogenesis. In 
addition, its effect on vascular properties, such as permea-
bility, may promote increased migration of tumor cells into 
and out of the vascular network, leading to more successful 
metastatic phenomena. The utility of bevacizumab (Avastin, 
Genentech), an anti-VEGF monoclonal antibody, has been 
demonstrated in the setting of colorectal carcinoma when 
used together with conventional chemotherapy. A phase II 
COG study is under way using bevacizumab in addition 
to conventional chemotherapy for the treatment of recur-
rent Ewing sarcoma. Recently, the pediatric preclinical 
testing program reported results from a second inhibi-
tor of the VEGF receptor family, AZD2171 (cediranib, 
AstraZeneca), which was shown to exhibit in vivo tumor 
inhibition in 78% of solid tumor xenografts, including 3 
of 3 Ewing sarcomas and 4 of 5 osteosarcomas.103

Conclusion

Despite great strides in the diagnosis and treatment 
of osteosarcoma to date, substantial improvement in 
overall survival has been elusive and overall survival 
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has remained relatively constant for over 2 decades. 
Although awareness, education, and proper referral 
patterns serve to minimize avoidable errors in diagnosis 
and treatment, it is unlikely that these efforts alone will 
significantly improve survival outcomes in the subset of 
patients who appear to have an inherently more chal-
lenging subtype of tumor. It is theoretically possible that 
a small subset of patients would benefit from upfront 
surgery, eliminating neoadjuvant treatment cycles and 
undergoing all of their chemotherapy following local 
control. These patients—namely those who both pres-
ent with truly localized disease and who will ultimately 
also prove to respond poorly to conventional chemo-
therapy—probably constitute only 5–6% of all patients. 
Nevertheless, this change in management strategy may 
result in a small but measurable improvement in overall 
survival without any new systemic treatments. Ulti-
mately, the greatest potential improvement in outcomes 
will arise from combination-targeted chemotherapy in 
addition to conventional treatment. The challenge in 
osteosarcoma stems from the extreme variability of one 
tumor to the next, making it unlikely that a single-target 
approach would be able to address all or even a majority 
of patients. 
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