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ABSTRACT 

Background: Multimodality management of osteosarcoma has significantly improved the 5-year-survival rate for lo-
calized disease over the past 40 years: from 5% - 10% (in historical controls) to 65% - 75% and 20% - 30% in metas-
tatic disease. These results were achieved with doxorubicin, cisplatin, high-dose methotrexate and ifosfamide (or 
cyclophosphamide). In the absence of new and effective agents the results have remained stationary for at least the past 
30 years. No standard second line therapy exists for patients who relapse. In these circumstances surgery when feasible, 
constitutes the main therapeutic option. Questions/Purposes: To understand the present approach to therapy and deter-
mine the possibilities for improvement a review of the chemotherapeutic agents currently deployed in the treatment of 
Osteosarcoma was undertaken. Methods: The review focused on the results achieved with the evolution of therapy fol-
lowing the discovery of effective chemotherapeutic agents. Results: There was an improvement in survival during the 
first decade following the introduction of effective chemotherapy and limb salvage replaced amputation in the majority 
of patients. Attempts to rescue pulmonary metastases patients with surgical intervention were also enhanced but pro-
duced only minor improvement in survival. An international collaborative study, EURAMOS has been launched to in-
vestigate the utility of neoadjuvant chemotherapeutic agents in improving survival based upon their efficacy in the 
treatment of the primary tumor. Conclusions: New agents and or new strategies are urgently required to improve the 
outcome in Osteosarcoma. 
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1. Introduction 

In the current era long term survival in Osteosarcoma is 
achieved in approximately 66% of patients with localized 
extremity primaries and 25% - 30% of patients with axial 
primaries or patients presenting with pulmonary metas-
tases [1]. During the last three decades, treatment has 
stagnated with permutations and combinations of the few 
available effective agents: doxorubicin (DOX), high- 
dose methotrexate with leucovorin “rescue” (MTX), cis- 
diaminedichloroplatium II (Cisplatin, [CDP]) and ifos- 
famide (IFX) or Cyclophosphamide (CTX). It is also 
uncertain if these agents are used in an optimal manner.  

Some basic questions require further investigation. 
Principally, these include, but are not limited to, which 
“standard” chemotherapeutic agents alone or in combina- 
tion could produce an optimal result; will alterations in 
the postoperative regimen improve the poor prognosis of 
patients with an initial unfavorable histological tumor 
response to neoadjuvant chemotherapy (NACT-see later) 

and the role (if any) of immunomodulation?   
This communication will provide a demarche of the 

principal chemotherapeutic agents in current use in the 
treatment of osteosarcoma. It will also briefly review 
other agents under investigation.   

Chemotherapy Discoveries during the Past Forty 
Years 

In the early 1970’s two chemotherapeutic agents were 
found to be effective in treating metastatic osteosarcoma: 
DOX [2] and high dose MTX with leucovorin “rescue” 
[3]. Prior to that the Conpadri regimen devised by Sutow, 
was investigated. It comprised [pulsed] cyclophos- 
phamide, vincristine (Oncovin), l-phenylalanine mustard 

[4]. It yielded a 55% disease-free survival. Sequential 
changes in the composition and acronym followed. MTX 
was incorporated and it was designated “Compadri”, 
commencing with Compadri II. Each successive number 
indicated an evolution in the regimen [5] The Compadri 
II and III regimens yielded disappointing results. It was 
surmised that their lack of efficacy was due to reduced *Corresponding author. 
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doses of doxorubicin, and the composition was adjusted 
in Compadri IV and Compadri V: MTX and DOX were 
intensified, and aggressive “front loading” was adopted. 
The results of Compadri I, II and III regimens revealed 
that 81 of 200 patients (41%) were alive without evi- 
dence of disease, 18 months and longer after diagnosis 
[6]. Later, CDP and IFX administered with MESNA 
(which permitted its administration in high doses) were 
also found to be effective [7]. CTX a related alkylating 
compound with MESNA was also found to be useful as 
an alternative to IFX which could cause renal dysfunc- 
tion [8]. Both agents are frequently used in combination 
with etoposide (ETP) [9]. Recent communications have 
also demonstrated responses with Gemcitabine (GEM) [9] 

and Cediranib (CED) [10]. 

2. Neoadjuvant Chemotherapy 

Neoadjuvant chemotherapy (NACT) was initially intro- 
duced at the Memorial Sloan-Kettering Cancer Center 
(MSKCC) [1,11-13]. Chemotherapy agents were admin- 
istered preoperatively and if effective, were maintained 
post operatively to destroy the putative pulmonary mi- 
crometastases; alternatively, if found ineffective alterna- 
tive agents were introduced. Several consecutive series 
of investigations using a variety of chemotherapy regi- 
mens (T4, T5, T7, T10 and T12) [1,11-13] relating to this 
concept were published. The initial results in the land- 
mark T10 NACT trial claimed a disease-free survival 
(DFS) of 93% at a median follow-up of 20 months [9] 
and 76% at 7.75 years, which set the benchmark for other 
groups [1,13].   

2.1. Prognostic Importance of Histological  
Response to Chemotherapy 

The introduction of NACT required histological exami- 
nation of resected tumor specimens for evidence of re- 
sponse. This was accomplished by grading the degree of 
chemotherapy-induced tumor necrosis in a schema estab- 
lished by Huvos at MSKCC [12,14]. Responses were as 
graded as I (little or no effect), grade II (partial response, 
≥50% necrosis), grade III (>90% necrosis), and grade IV 
(no viable tumor). Responses were also categorized as 
poor (grade I/II, <90% necrosis) or good (III/IV, ≥90% 
necrosis. A 5-year event free survival (EFS) of 35% to 
45% for poor responders and 70% to 80% for good re- 
sponders was reported [13].  

The Scandinavian Sarcoma Group and the Children’s 
Cancer Study Group conducted similar multicenter stud- 
ies (protocols SSG-II and CCSG-782, respectively) using 
the T 10 regimen [15,16]. The overall survival (OS) and 
EFS rates were consistent between the two studies but 
inferior to the MSKCC results (Table 1).   

The Cooperative Osteosarcoma Study group in Ger- 

many (COSS) also performed similar studies using poly- 
chemotherapy regimens [17]. COSS-86 study reported 
the best results using a five-drug regimen (DOX, MTX, 
CDP, ETP, and IFX). It yielded 10-year OS and EFS 
rates of 72% and 66%, respectively. In addition, the 
Rizzoli Institute in Italy, using a similar five-drug regi- 
men, achieved 5-year EFS of 63% [18].   

The collaborative European Osteosarcoma Intergroup 
(EOI) sought to use shorter dose-intense regimens in a 
series of large prospective, randomized, controlled stud- 
ies [19-21] (Table 1). In addition, an alternative attempt 
was made to improve the prognosis by increasing the 
dose intensity with colony-stimulating factors and in so 
doing maximizing the therapeutic effect [21]. Although 
the proportion of good responders achieving ≥90% ne- 
crosis was increased in the dose-intense arm, it could not 
be translated into improved OS or EFS rates. The OS 
results remained inferior to those achieved in Germany, 
Italy, and the United States (Table 1). Recent studies 
have continued this approach [17,22] but only one has 
shown it to be beneficial [22] (Table 2).   

NACT was investigated by the Pediatric Oncology 
Group (POG) recruiting patients between 1986 and 1993 
[23]. Patients were randomly assigned to receive (or not 
receive) NACT followed by surgery at week 10 or im- 
mediate surgery with adjuvant chemotherapy. The over- 
all results demonstrated a 5-year EFS of 65%. No differ- 
ence was evident between the two treatment arms. How- 
ever, the amputation rate, nearly 50%, was unacceptably 
high. Bacci et al. [24] expressed concern in regard to this 
study: patients had been denied comprehensive active 
cytotoxic agents ab initio. Due to the very high amputa- 
tion rate, they also suggested referral and centralization 
to a specialty for surgery for osteosarcoma.  

2.2. Intensification of Adjuvant Chemotherapy 
for Poor Responders 

The utility of NACT selecting an alternate chemotherapy 
regimen postoperatively for poor responders to improve 
the long-term survival remained unanswered. Further, 
early reports of the T10 regimen claimed that poor re- 
sponders were actually salvaged by changing chemo- 
therapy [13]; however a later publication of the 10-year 
results could not confirm the result [1]. Further, an at- 
tempt to test the hypothesis and the earlier claims were 
unable to replicate the results (Table 1) [16]. An expla- 
nation for this may be that the NACT response is a sur- 
rogate measure and an inherently biologic unresponsive 
tumor is not modifiable by currently available therapies.  

2.3. Intra-Arterial Chemotherapy 

During the next twenty to thirty alternative approaches 
employing existing agents w re entertained. One consid-  e  
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Table 1. Nonmetastatic extremity osteosarcoma: Neoadjuvant chemotherapy studies. 

Study Type Patients, n Chemotherapy 
Good  

histological
responders

Modification of a 
djuvant-chemotherapy

by histological  
Response? 

Outcome 

Outcome better for 
poor histological 

responders by 
changing adjuvant 

chemotherapy? 

MSKCC T7 
(1992) [1,10] 

Single 
center 

75 
Preop and postop: 
BCD, MTX, V, D 

65% No 12-year DFS 72% NA 

MSKCC T10 
(1982, 1992) 

[1,10] 

Single 
center 

153 

Preop: MTX, V; 
postop: D, P, BCD 
(poor) or D, MTX, 

BCD (good) 

34% Yes 5-year DFS 72% No 

SSG-1 (T10) 
(1991) [12] 

Multicenter 97 

Preop: MTX, V; 
postop: D, P, BCD
(poor) or D, MTX, 

BCD (good) 

17% Yes 
5-year DFS 54%, 
5-year OS 64% 

No 

CCSG-782 
(T10) 

(1997) [13] 
Multicenter 268 

Preop: MTX, BCD; 
postop: D, P, BCD
(poor) or D, MTX, 

BCD (good) 

28% Yes 
8-year DFS 53%, 
8-year OS 60% 

No 

COSS-86 
(1998) [14] 

Multicenter 171 
Preop and postop: 

MTX, D, P;  
I (high-risk patients

76% No 
10-year EFS 66%, 
10-year OS 72% 

NA 

Rizzoli study 2 
(1993) [15] 

Single 
center 

164 

Preop: MTX, D, P; 
postop: MTX, D, 

P (good) or MTX, D, 
P, I, E (poor) 

71% Yes 5-year DFS 63% Yes 

EOI study 1 
(1992) [16] 

RCT 198 
Preop and postop: 

P, D ± MTX 
30% No 

D, P: 5-year DFS 
57%, 5-year OS 64%; 

D, P, MTX: 5-year 
DFS 41%, 

5-year OS 50% 

NA 

EOI study 2 
(1997) [17] 

RCT 391 
Preop: D, P or MTX, 
D, V; postop: D, P or 

MTX, D, V, BCD 

D, P 30%,
multidrug 

29% 
No 

5-year PFS 44%, 
5-year OS 55% 

NA 

EOI study 3 
(2003) [18] 

RCT 504 
Preop and postop: 

D, P ± GCSF 
D, P 36%; D, 
P, GCSF 51%

No 

D, P: 5-year DFS 
37%, 5-year OS 54%; 
D, P, GCSF: 5-year 

DFS 40%, 5-year OS 
56% 

NA 

INT-0133 
(2005) [19] 

RCT 507 
Preop and postop: 
MTX, D, P ± I, ± 

MTP-PE 
Not reported No 

3-year EFS: D, P, 
MTX 71%; D, P, 

MTX, MTP-PE 69%; 
D, P, MTX, I 60%; 

D, P, MTX, I, 
MTP-PE 78% 

NA 

BCD—bleomycin, cyclophosphamide, actinomycin D; COSS—Cooperative Osteosarcoma Study; D—doxorubicin; DFS—disease-free survival; E—etoposide; 
EFS—event-free survival; EOI—European, Osteosarcoma Intergroup; GCSF—granulocyte colony-stimulating factor; I—ifosfamide; IFN—interferon; MFS— 
metastasis-free survival; MSKCC—Memorial Sloan-Kettering Cancer Center; MTP-PE—muramyl tripeptide-phosphatidylethanolamine; MTX—methotrexate; 
NA—not applicable; OS—overall survival; P—cisplatin; PFS—progression-free survival; postop—postoperative;preop—preoperative; RCT—randomized 
controlled trial; SSG—Scandinavian Sarcoma Group; V—vincristine; PE—muramyl tripeptide-phosphatidylethanolamine; OS—overall survival; RCT—ran- 
domized controlled trial; SSG—Scandinavian Sarcoma Group. 

 
eration was the administration of intra-arterial chemo- 
therapy. The intent was to improve the local concentra- 
tion of the drug at the tumor site to enhance its destruct- 
tion and prevent or reduce the incidence of local recur- 

rence. Simultaneously an attempt was made to maintain 
or enhance systemic tumoricidal concentrations to de- 
stroy pulmonary (micro) metastases. In the selection of 
agents, IFX and CTX were discarded. These agents 
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Table 2. Studies of nonmetastatic extremity osteosarcomain which intensified neoadjuvant-chemotherapy is used aiming to 
increase the proportions of good histological-responders. 

Study Type Patients, n Chemotherapy Good responses Outcome 
Intensification 

found beneficial

COSS 86 (1998) 
[14] 

Multicenter 171 
Methotrexate, doxorubicin, 

cisplatin, ± ifosfamide  
(in high-risk patients) 

- 
10-year EFS 66%, 
10-year OS 72% 

No 

MSKCC T12 
(1992) [1] 

RCT 73 
Methotrexate, BCD,  

± cisplatin, doxorubicin 
Standard arm 37%,

intensified 44% 
5-year EFS 73%,  
5-year OS 78% 

No 

INT-0133 (2005) 
[19] 

RCT 507 
Methotrexate, doxorubicin, 

cisplatin ± ifosfamide  
and/or MTP-PE 

Not reported 
3-year EFS: standard 

71%, ifosfamide, 
MTP-PE 78% 

Yes 

BCD—bleomycin, cyclophosphamide, actinomycin D; COSS—Cooperative Osteosarcoma Study; EFS—event-free survival; MSKCC—Memorial Sloan- 
Kettering Cancer Center. 

 
required phosphorylation in the liver to be activated and 
in their pristine form would be inactive if administered 
directly into the tumor feeding vessel. DOX was dis-
carded since it was associated with skin and subcutane-
ous necrosis [25]. MTX achieved high tumoricidal con-
centrations intra-arterially but similar concentrations could 
also be attained via the intravenous route [26]. Intra-ar- 
terial CDP was therefore selected and found to be highly 
effective. Compared to the intravenous route responses 
were 60% in the former versus 30% in the latter [27]. It 
was utilized extensively at the MD Anderson Cancer Cen- 
ter in the TIOS pediatric trials with gratifying results [28].  

Unfortunately, intra-arterial CDP is labor intensive. It 
is administered under general anesthesia or conscious 
sedation in a radiological suite under constant monitoring 
of the distal arterial pulses bilaterally during and after the 
infusion. Similar results may be achieved with several 
courses of combination chemotherapy administered by 
the intravenous route over a more prolonged period 
(weeks); this approach is thus generally preferred. How-
ever intra-arterial CDP may be particularly useful for 
treating tumors with pathologic fractures and tumor infil-
trating into, or directly adjacent to, the neurovascular 
bundle. It is also helpful in attaining a rapid definitive 
attack against the primary tumor or local recurrence or 
when an urgent decision making therapeutic assessment 
is required. An example of the efficacy of intra-arterial 
treatment with CDP for local recurrence is illustrated in 
Figure 1.  

3. Other Therapies 

3.1. Immunotherapy 

Liposome muramyl tripeptide-phosphatidyl ethanolamine 
(L-MTP-PE) is an immune compound capable of stimu- 
lating pulmonary macrophages to destroy metastases. It 
activates circulating monocytes and pulmonary macro- 
phages to destroy (residual) tumor cells that are not 
eliminated by chemotherapy [26]. It was investigated  

 

Figure 1. Osteosarcoma local recurrence. Response to re- 
peat administration of intra-arterial cisplatin. Four (repeat) 
courses of intra-arterial cisplatin (150 mg/m2 per course 
every four weeks) were administered for a local recurrence 
to a patient with a humeral osteosarcoma. The patient had 
been previously treated with four similar courses of intra- 
arterial cisplatin (150 mg/m2 per course) every four weeks 
with 100% response. A limb salvages procedure was then 
performed followed by postoperative treatment with cis- 
platin, Methotrexate and Doxorubicin for one year. She 
developed the local recurrence approximately one year af- 
ter completion of therapy (left panel). Repeat administra- 
tion of intra arterial cisplatin again achieved a response as 
manifested by complete disappearance of tumor neovascu- 
larity and stain (right panel).  
 
clinically in a controlled 2 × 2 factorial design random- 
ized trial (INT-0133) [22]. Patients were initially ran- 
domized to receive IFX or IFX plus L-MTP-PE. In addi- 
tion, patients also received DOX, MTX, and CDP. The 
results revealed that the combination IFX and L-MTPPE 
improved EFS. Treatment with IFX (and the combination 
DOX, CDP and MTX) was associated with a 71% and 
64% probability EFS at 3 and 5 years respectively, 
whereas IFX and L-MTP-PE (and the combination) re- 
sulted in a 78% and 72% probability EFS at 3 and 5 
years, respectively. L-MTP-PE has been licensed for use 
in Europe and is available in the United States on a 
compassionate IND (Investigational New Drug) [22,29].  

The interferons, a group of cytokines with antiangio- 
genic and direct antitumor activity and immunostimulat- 
ing properties have evoked considerable discussion. Most 
clinical information derives from Scandinavian series in 
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which, with a median follow-up of 12 years, the observed 
10-year metastasis-free and sarcoma specific survival 
rates were 39% and 43%, respectively [30]. Toxicity was 
mainly constitutional and long-term toxicity was virtu- 
ally absent. Interferon combined with etoposide has also 
produced responses in patients with pulmonary metasta- 
ses [31].   

3.2. Targeted Therapy 

Tumor cells can be targeted for the delivery of mono- 
clonal antibodies with specificities defined to inhibit key 
signals of tumor growth or survival. One of the first of 
this class of agents was antibodies targeting the epider- 
mal growth factor receptor (EGFR) [32] and other mem- 
bers of the ERBB family, such as Her-2 [33]. Early work 
examined the biology of EGFR signaling and trafficking 
using osteosarcoma cell lines [34]; later, several groups 
identified Her-2 expression in osteosarcoma as a poor 
prognostic factor associated with increased metastases 
[35,36]. For several years there was controversy sur- 
rounding these observations particularly with inconsis- 
tent identification of the gene in osteosarcoma and pub- 
lications of conflicting reports [37-39]. Most of these 
reports used methods designed to detect Her-2 in breast 
cancer in which gene amplification and overexpression 
(1 million - 2 million molecules per cell) were compared 
with normal levels of expression (30,000 - 100,000 
molecules per cell). These were associated with a poor 
outcome [35,36]. In osteosarcoma, the relevant compari- 
son is between modest expression (20,000 - 50,000 
molecules per cell) compared with absent expression, 
and therefore, more sensitive methods are probably re- 
quired. Several (later) methods possibly confirmed that 
osteosarcoma cell lines do express EGFR, Her-2 and 
Her-4 [39]; these receptors are constitutively phosphory- 
lated [40], suggesting their meaningful role in tumor 
pathogenesis.   

EGFR has been also used using adenoviral vectors in 
experimental models [41]. The literature suggests that 
80% of osteosarcoma tumors are expected to express 
EGFR, although much of this expression may be cyto- 
plasmic [39], and only about half will demonstrate dense 
membranous expression by immunohistochemistry [42].  

The Children’s Oncology Group (COG) launched a 
clinical trial using trastuzumab (anti-Her-2 MAb) in 
combination with standard chemotherapy for high-risk 
metastatic osteosarcoma. The study completed accrual 
but the outcome has not been published. It appears that 
the administration of anti-Her-2 monoclonal antibodies 
in combination with traditional chemotherapy for chil- 
dren is safe. Anti-EGFR medications have also been ad- 
ministered safely to children. It may be presumed that 
antibodies directed against the ERBB family would be 

effective carriers of selective antitumor drugs, providing 
targeted therapy for osteosarcoma.  

3.3. Nanoparticles 

Nanoparticles may also be an effective way of delivering 
targeted therapy for osteosarcoma. In the laboratory set- 
ting, various forms of nucleic acids, including siRNA, 
shRNA and catalytic nucleic acids such as DNAzymes, 
have been used with great efficacy specifically to down- 
regulate particular genes within cancer cells. In resistant 
metastatic osteosarcoma patients a Phase I and Phase II 
study of Rexin-G a pathotropic nano-particle produced a 
median progression-free survival exceeding 3 months 
with a median overall survival of nearly 7 months [43]. 
Dass et al. have shown that more broadly applicable chi- 
tosan nanoparticles bearing DNAzymes specific for 
c-Jun can sensitize resistant osteosarcoma to doxorubicin 
[44].   

3.4. Samarium and Bisphosphonates 

Symptomatic relief of pain in bone metastases has gener- 
ally been accomplished with radiation therapy. In this 
setting it may be juxtaposed to MTX or combined with 
GEM as a radiosensitzer [45,46]. An additional means of 
providing targeted therapy to bone is to exploit the 
unique affinity of bone for phosphates and phosphonates. 
These chemical conjugates can be used to deliver treat- 
ment doses of radiation to sites of bone metastasis and 
other sites of bone turnover [47]. This has been done 
effectively with samarium-153 ethylene-diamine-tetra- 
methylene-phosphonate (Samarium, 153 Sm, or Quad- 
ramet). This agent was initially developed to palliate 
painful bone metastasis [43]. Myelotoxicity is the pre- 
dominant dose-limiting toxicity, although this usually is 
manageable even in combination with external beam 
radiotherapy [48].   

The same chemical affinity of phosphonates for newly 
formed bone provides the basis for the effectiveness of 
bisphosphonates in limiting osteoclastic bone resorption 
in osteoporosis [49]. Nitrogen-containing bisphospho- 
nates such as zoledronic acid inhibit the mevalonic acid 
synthesis pathway, which is essential for synthesizing the 
prenyl adjunct farnesyl. Inhibition of prenylation usually 
induces cell death as it provides an essential lipid anchor 
to many signaling molecules, including Ras [50]. The net 
effect is reduced osteoclast function and reduced bone 
resorption. Bisphosphonates are effective in reducing the 
progression of bone metastases in several carcinomas, 
and can provide symptomatic pain relief [51]. This effect 
led to their approval by the FDA for treating bone me- 
tastasis in cancer, irrespective of the histological type.   

COG is assessing the feasibility of incorporating 
bisphosphonate with conventional MAP (MTX, DOX 
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and CDP) in patients with newly diagnosed high-risk 
osteosarcoma. It is noteworthy that osteosarcoma, by 
definition, creates new bone within tumors. Provided the 
conjugates are not toxic to normal osteoclasts and mar- 
row components, and since bisphosphonates and tetra- 
phosphonates target these compounds in newly formed 
bone, the targeting effect could possibly be harnessed to 
deliver new therapeutics at higher concentrations within 
growing tumors.  

4. Other Possible Emerging Therapies with 
Conventional Agents 

Other compounds which have undergone testing include 
the taxanes as single agents [52] and the DNA minor 
groove inhibitor trabectidin. In a study utilizing the latter, 
of a total of 23 evaluable patients there were three minor 
responses, a disappointing result considering the anecdo- 
tal reports of trabectidin’s activity in osteosarcoma, when 
the drug was first introduced [53].   

Phase II studies of patients with relapsed disease are 
planned to evaluate combinations of GEM and docetaxel 
and GEM and oxaliplatin. Single-agent data for each of 
these three agents have either been sporadically positive 
or negative or not systematically studied [54]. Car- 
boplatin has been used in several combination regimens 
including an intra-arterial administration [55]. Since 
other agents in addition to carboplatin were employed, 
the contribution of the latter to the final result cannot be 
assessed.   

Novel antifolate agents, including trimetrexate, have 
been investigated in patients who have had relapses; they 
have not been evaluated in formal clinical trials.   

Patients previously treated with conventional doses of 
IFX (9 G/M2), upon relapse, may again achieve a re- 
sponse by escalating the dose to 14 G/M2 and should a 
subsequent relapse again occur, to 17.5 G/M2 (Jaffe N, 
unpublished data). This experience deserves further study. 
Because of the possibility of renal damage the 17.5 G/M2 
should be limited to three courses (one course every four 
weeks). Each course of 17.5 G/M2 is administered as 3.5 
G/M2 per day × 5 with MESNA and hematological sup- 
port for myelosuppression. An example a response in 
these circumstances is depicted in Figure 2.  

4.1. Inhalation Chemotherapy 

Liposomal 9NC has been investigated as inhalation ther- 
apy for the treatment of pulmonary metastases. The 
strategy did not produce any responses in a limited num- 
ber of patients (Kleinerman E and Jaffe N, unpublished 
data). Aerosol therapy targeting the Fas/FasL pathway 
and pulmonary metastases is being investigated by 
Kleinerman. Granulocyte-Monocyte Colony Stimulating 
Factor (GM-CSF) for the first pulmonary recurrence was  

 

Figure 2. Response to high dose ifosfamide. The patient 
presented with an osteosarcoma of the femur and pulmo- 
nary metastases. He was treated with cisplatin, Methotr- 
exate and doxorubicin. He achieved an excellent response in 
the primary tumor (>95% tumor necrosis) and disappear- 
ance of most pulmonary metastases. The persistent metas- 
tases were resected. He developed recurrent pulmonary 
metastases which responded to four courses of ifosfamide (9 
g/m2 per course). He again developed pulmonary metastases 
which similarly responded to four courses of a higher dose 
of IFX (14 g/m2 per course). Four weeks after the last 
course of Ifosfamide, pending a repeat thoracotomy to re- 
move a few persistent metastases he developed an exaggera- 
tion of the pulmonary relapse as manifested by a right sided 
pleural effusion and an underlying pulmonary lesion (left 
panel). This responded dramatically to a higher dose of 
ifosfamide (17.5 g/m2 per course) as also a persistent enlarg- 
ing metastasis in the right upper hemi thorax (right panel). 
Four courses of Ifosfamide (each course comprising 3.5 
g/m2/day × 5) were administered.  
 
investigated by COG. The strategy did not result in an 
immunostimulatory effect on pulmonary metastases to 
improve the outcome post relapse [56]. A Phase Ib/IIa 
study of sustained release lipid inhalation targeting cis- 
platin by inhalation in the treatment of patients with re- 
lapsed/progressive osteosarcoma metastatic to the lung 
was reported by Chou A. J. Three of eight patients with 
less bulky disease sustained benefit [57].  

4.2. Salvage Chemotherapy in a Relapse Setting 
in Osteosarcoma 

The outcome in patients who relapse with pulmonary 
metastases depends upon time and site of relapse. Late 
relapse, the presence of unilateral, solitary lesions and 
the absence of pleural disruption are favorable features 

[58,59]. The prognosis of patients, who relapse with bone 
metastases, unless they are a single late appearing me- 
tastasis, is worse than that of patients who first relapse 
with lung metastases [60].   

Studies have shown that it is possible to obtain pro- 
longed survival and cure in about 1/4 of relapsing pa- 
tients with aggressive treatments. Complete surgery is an 
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essential component of curative second-line therapy. 
Poly-chemotherapy may contribute to limited improve- 
ments. IFX and ETP were found highly active in recur- 
rent sarcomas [61]; GEM and docetaxel in combination 
were also shown to have activity [62]. A phase II trial 
found that CTX and ETP arrested disease progression in 
a significant number of patients (54%) which translated 
to a better OS with a favorable toxicity profile [63]. High 
dose chemotherapy comprising carboplatin and ETP (two 
courses) followed by stem-cell rescue combined with 
surgery induced a complete response in a portion of pa- 
tients who were chemosensitive to induction treatment; 
however most patients again relapsed [64].  

4.3. High Dose Methotrexate 

This perspective would be incomplete without addressing 
the frequent scrutiny that has been applied to MTX. 
Unlike any other agent it is the only drug that has been 
subjected to a randomized trial to test its efficacy against 
an effective agent. This communication constituted the 
basis of a Cochrane review on MTX and osteosarcoma 

[65]. It was shown to be inferior to intra-arterial CDP in 
the treatment of the primary tumor [66]. As the sole 
agent in adjuvant treatment it increased survival to 40% - 
60% [67] compared to 5% - 20% in historical controls, 
and in combination with other agents (pre- and postop- 
erative therapy), to 65% - 75% [26,68-71]. When juxta- 
posed to, or utilized in combination with radiation ther- 
apy, it potentiated the action of radiation therapy. In this 
circumstance it contributed to eradicating pulmonary 
metastases and provided appreciative palliation for me- 
tastases in bone, soft tissue and vital organs. An example 
of cavitations produced by radiation therapy and MTX in 
pulmonary metastases is depicted in Figure 3.  

MTX is usually administered over 4 to 6 hours, and it 
is generally considered that a mean peak serum MTX 
threshold greater than 700 to 1000 µmol/L at the comple- 
tion of the infusion is required for successful therapy. 
This was found to correlate significantly with prognosis 

[72]. However, superior results are more likely to be 
achieved with levels in excess of 1500 µmol/L (Jaffe N, 
unpublished data). For undetermined reasons there is 
inter- and intra-patient variability and high tumoricidal 
concentrations with each course may not always be ob- 
tained.  

A regimen devoid of MTX (non methotrexate-based 
therapy) was documented to be among the “major poor 
prognostic factors” [71]. Using serum MTX concentra- 
tions to monitor MTX levels, the regimen have been 
successfully administered safely and effectively [26, 
68-72]. Prerequisites for therapy include normal renal 
and hepatic function, a normal hemogram, and absence 
of infection. Pleural, pericardial and peritoneal effusions  

 

Figure 3. Osteosarcoma with recurrent pulmonary metas- 
tases. Response to Radiation therapy and a 24 hour infusion 
of High dose Methotrexate. Right panel: The patient with 
localized primary osteosarcoma of the humerus was treated 
with an immediate amputation. He developed pulmonary 
metastases while receiving four post-operative 6-hour meth- 
otrexate infusions (12.5 g/m2). Pulmonary radiation therapy 
was administered (2400 rad) followed by an additional 
6-hour course of methotrexate. The pulmonary metastases 
disappeared. Maintenance 6-hour methotrexate treatment 
(12.5 g/m2) was reinstated. He again developed recurrent 
disease: three nodules are present in the right hemithorax, 
two within the pulmonary parenchyma (arrow heads) and 
one at the right base where a small pneumothorax is also 
present. Residual fibrosis from prior methotrexate-radia- 
tion therapy is present in the left hilar region where a single 
metastasis had been treated. A left basal small pleural effu- 
sion is also present. Left panel: After additional treatment 
with radiation therapy (1000 rad) and a single 24-hour 
methotrexate infusion (12.5 g/m2) juxtaposed to the comple- 
tion of radiation therapy, cavitation of the two pulmonary 
lesions in the right hemithorax was achieved (arrow heads). 
There was a slight reduction in the size of the metastatic 
nodule at the base of the right hemithorax. There was no 
change in the residual fibrotic lesion in the left hemithorax 
and the left basal pleural effusion.  
 
may cause a delay in MTX excretion by sequestering the 
drug into the fluid and are contraindicated in treatment 
[73]. Antibiotics excreted by the renal tubules may com- 
pete with MTX excretion and contribute to toxicity, 
Salicylates and proton pump inhibitors have also been 
implicated.  

A MTX level of 0.1 µmol/L is generally considered 
safe for discontinuation of leucovorin rescue although 
<0.3 µmol/L has also been adopted (Jaffe N Personal 
experience). These levels are usually attained at 72 hours. 
Toxic reactions are infrequent. They are generally in- 
duced by incomplete (delayed) renal clearance and are 
often associated with MTX precipitation in the renal tu- 
bules. This reaction manifests with gastrointestinal mu- 
cosal ulceration, myelosuppression, and hepatorenal fail- 
ure. Measures for aborting or treating toxic reactions may 
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comprise any or all of the following [73]:  
1) Increasing fluid intake to 4 L/m2/24h. 
2) Increasing leucovorin dose to 50 - 100 mg (or 

higher) every 6 h, as stipulated by an institution’s algo-
rithm. 

3) Carboxypeptidase G2 (glucarpidase) if the serum 
24- or 48-h MTX level is inordinately higher than usually 
encountered and/or anuria or oliguria appears to be de-
veloping. 

4) High-flux renal dialysis at any time in the above 
circumstances. 

4.4. Prognostic Parameters of Tumor Response 
to Chemotherapy 

Prognostic markers especially noninvasive predictors for 
disease outcome in osteosarcoma are urgently required to 
predict response to chemotherapy. Necrosis determined 
by histological examination is an established robust 
prognostic marker [13] and seems to reflect either the 
effectiveness of the chemotherapy regimen or the proper- 
ties inherent to some tumors that make them intrinsically 
more or less responsive. However, as necrosis can only 
be assessed after completion of neoadjuvant chemother- 
apy, there is a risk of developing resistant clones with 
prolonged continuation of preoperative ineffective che- 
motherapy. Thus, it is desirable to establish non-invasive 
imaging surrogates (or other mechanisms) to predict re- 
sponse to NACT.   

Noninvasive markers to assess tumor response include 
PET-CT parameters. These comprise anatomical studies 
(pre- and post-NACT volumes and change); metabolic 
investigations (pre-NACT SUV max and post-NACT 
SUV ratios), and newly derived composite markers (pre- 
and post-NACT metabolic burden, SUV × volume and 
change). Their ability to predict histological response 
with improved precision would be invaluable [74]. Con- 
ventional and diffusion weighted MRI parameters also 
suggest the ability to predict response. In the latter study, 
a new parameter, diffusion per unit volume (apparent 
diffusion coefficient adjusted for volume), could be de- 
rived [75].   

Post NACT, VEGF expression in surviving tumor 
cells appears to be an important negative therapeutic pro- 
gnostic factor and may assist identification of future 
strategies according to the angiogenic potential of the 
disease [76]. Further, it was found that dynamic-contrast- 
enhanced-MRI (DCE-MRI) has an important role as a 
noninvasive imaging surrogate of tumor angiogenesis 
based on visual inspection of time-intensity-curves (TIC): 
the change in curve pattern from washout/plateau to per- 
sistent type was found to be in agreement with corre- 
sponding decrease in microvascular permeability, i.e. 
VEGF expression [77].  

4.5. Surgical Advances in Association with  
Chemotherapy 

The demonstration that chemotherapy was effective in 
osteosarcoma prompted its use not only to destroy the 
putative pulmonary micrometastases but also to treat the 
primary tumor prior to surgical ablation. The objective 
was to improve the opportunity for local control and 
prevent local recurrence particularly in limb salvage, the 
demand for which increased exponentially with im- 
proved survival. Criteria for limb salvage eligibility were 
formalized (Table 3).  

4.6. Present Status of Chemotherapy in  
Osteosarcoma 

Review of adjuvant and neoadjuvant studies suggests that 
any further improvements in survival in osteosarcoma by 
modification of chemotherapy are likely to be small. 
Large numbers of patients will need to be enrolled in 
future studies, which, given the rarity of the disease, 
highlights the need for international collaboration To this 
end, the European, and American Osteosarcoma study 
(EURAMOS1) was formed as a collaborative venture 
among the United States, United Kingdom, and Europe. 
It comprises the combined recourses of COG, COSS, 
EOI, and SSG [78]. The study, INT-0133 [22], is de- 
signed to determine if the outcome of poor and good re- 
sponders can be improved by modification of NACT. All 
patients receive NACT: MAP (MTX, DOX [Adriamycin]  
 

Table 3. Eligibility criteria for limb-salvage surgery. 

Factor Impact on Decision 

Lower extremity tumor 

Maximum/near maximum linear
growth 
Alternatively: Consider  
expandable prosthesis, van Ness
rotationplasty or other options 

Upper extremity Individual consideration 

Biopsy Properly placed 

Neurovascular bundle Non involvement by tumor 

Pulmonary metastases or  
pathological fracture 

Not a contradiction 

Psychological acceptance 
Essential; if preoperative therapy
fails, amputation will be required

Small tumor Ideal 

Full discussion of nature,  
(advantages and disadvantages),
complications and long term  
outcome of limb salvage as  
compared to amputation 

Completely understood and  
accepted 
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and CDP) is administered in the control arm. Poor re- 
sponders are randomized to receive MAP with or with- 
out IFX and ETP. Good responders continue on MAP 
and are randomized to maintenance pegylated interferon 
or observation. In contrast with previous studies, 
EURAMOS1 includes axial and extremity tumors and 
patients with metastatic disease. Parallel biologic studies 
are included.  

A recent meta-analysis publication in patients with lo- 
calized high-grade osteosarcoma endorses the EURAMOS 
strategy [79]. Salvage of poor responders by changing 
drugs, or intensifying treatment postoperatively was not 
shown to be useful in this analysis. In view of these re- 
sults the outcome of EURAMOS1 is anticipated with 
great interest. Other observations in the meta-analysis 
noted that nine historical studies confirmed a long-term 
survival of 16% after only local treatment. Fifty single 
agent phase II studies showed high response rates for 
DOX (43%), IFX 33%), M (32%), CDP (26%) and only 
4% for ETO [80].   

5. Conclusion 

Major advances in treatment with chemotherapy have 
produced significant improvement in survival in patients 
with osteosarcoma and the ability to perform limb sal- 
vage in many newly diagnosed patients. Unfortunately 
survival has not improved over the past forty years. New 
discoveries and the application of effective chemother- 
apy are an urgent requirement for further advancement.  
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