
Annals of Oncology 23: 508–516, 2012

doi:10.1093/annonc/mdr151

Published online 28 April 2011

A phase II trial of sorafenib in relapsed and unresectable
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Purpose: After standard multimodal therapy, the prognosis of relapsed and unresectable high-grade osteosarcoma

is dismal and unchanged over the last decades. Recently, mitogen-activated protein kinases were shown to be

activated in osteosarcoma specimens, suggesting, therefore, they are suitable targets for the multikinase inhibitor

sorafenib. Thus, we explored sorafenib activity in patients with relapsed and unresectable osteosarcoma.

Experimental design: Patients >14 years, progressing after standard treatment, were eligible to receive 400 mg of

sorafenib twice daily until progression or unacceptable toxicity. The primary end point was progression-free survival

(PFS) at 4 months. Secondary objectives were PFS, overall survival (OS), clinical benefit rate (CBR), defined as no
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progression at 6 months and safety. This nonrandomized phase II study used a Simon two-stage design. PFS and OS

at 95% confidence intervals (95% CIs) were calculated by the Kaplan–Meier method. All tests were two sided.

Results: Thirty-five patients were enrolled. PFS at 4 months was 46% (95% CI 28% to 63%). Median PFS and OS

were 4 (95% CI 2–5) and 7 (95% CI 7–8) months, respectively. The CBR was 29% (95% CI 13% to 44%). We observed

3 (8%) partial responses (PRs), 2 (6%) minor responses (<30% tumor shrinkage) and 12 (34%) stable diseases (SDs).

For six patients (17%), PR/SD lasted ‡6 months. Noteworthy, tumor density reduction and [18F]2-fluoro-2-deoxy-D-

glucose–positron emission tomography responses were observed among SD patients. Sorafenib was reduced or

briefly interrupted in 16 (46%) patients and permanently discontinued in one (3%) case due to toxicity.

Conclusions: Sorafenib demonstrated activity as a second- or third-line treatment in terms of PFS at 4 months with

some unprecedented long-lasting responses. Sorafenib, the first targeted therapy showing activity in osteosarcoma

patients, deserves further investigations.
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introduction

High-grade osteosarcoma is the most common primary bone
tumor [1] and mainly affects limbs in a young population; its
incidence peaks in the second decade [2]. Despite optimal
surgery, osteosarcoma prognosis was poor until the
introduction of chemotherapy [3]. Presently, 60%–70% of
high-grade osteosarcoma patients are cured via
multidisciplinary treatment [4]. However, with the exception of
the monocyte/macrophage immune-modulator muramyl
tripeptide phosphatidyl-ethanolamine, recently shown to
increase overall survival (OS) when combined with standard
chemotherapy, results have not improved in the last 30 years [5,
6]. Two large series have studied the characteristics of patients
relapsed after multimodal therapy [7, 8] and both concluded
that the most important prognostic factor was a not surgically
amenable disease at relapse. Prognosis was also influenced by
chemotherapy response, time to relapse, number of pulmonary
metastases and metastatic pleural disruption. Therefore, the
impregnable core of high-grade osteosarcoma is still
represented by unresectable either primary or relapsed disease
which, as of 2010, is cured anecdotally through actual
therapeutic strategies [7, 8]. Thus, new therapeutic tools are
awaited.

Osteosarcoma has been extensively studied to identify
oncogenes suitable to become targets of monoclonal antibodies
and small inhibitors. Tyrosine kinase receptors as KIT, platelet-
derived growth factor receptors (PDGFRs), vascular endothelial
growth factor receptors (VEGFRs) [9–13] are expressed and
activated, but their inhibition lacked antitumor activity. Also,
the monoclonal antibodies anti-insulin-like growth factor
receptor-I (IGF-IR) were promising preclinically, but their
activity was not confirmed in the clinical setting [14]. Recently,
several authors have focused on the signal transduction path-
ways of phosphatidylinositol 3#-kinase/mammalian target of
rapamycin (PI3K/mTOR) [15] and mitogen-activated protein
kinases (MAPK). In particular, MAPK activation was demon-
strated in high-grade osteosarcoma specimens [16, 17] and their
inhibition by sorafenib [16] proved highly effective in
osteosarcoma preclinical models (tumor cell lines and xenograft).

Sorafenib is an orally active multikinase inhibitor that targets
MAPK, VEGFRs, PDGFRs and KIT [18]. Previously, this drug
was approved by regulatory authorities for the treatment of
kidney and liver cancer [19, 20]. These positive results, along

with our preclinical data, provided the background to design
and conduct a phase II trial of sorafenib in advanced and
unresectable high-grade osteosarcoma patients after standard
therapy failure.

methods

patients
Eligible patients had the following characteristics: age >17 years; diag-

nosis confirmed histologically and reviewed centrally; prior treatment

(completed >4 weeks before trial entry) consisted of standard high-grade

osteosarcoma chemotherapy agents including doxorubicin, cisplatin, high-

dose methotrexate, and ifosfamide; metastatic relapsed and unresectable

progressive disease (PD); Eastern Cooperative Oncology Group

performance status £2 with a life expectancy >3 months; adequate renal,

hepatic, and hemopoietic function. Additionally, we required normal or

controlled blood pressure, as well as surgery and/or radiotherapy

completion at least 1 month before enrollment. Later, the protocol was

amended to enroll patients >14 years and those treated for relapsed

osteosarcoma with up to two lines of treatment (e.g. gemcitabine,

Taxotere�, Sanofi-Aventis US, Bridgewater, NJ or monoclonal antibody

against IGF-IR). All enrolled patients showed radiological evidence of

disease progression before treatment start.

treatment
Patients were treated with a dose of sorafenib 400 mg twice daily. The dose

was reduced or temporarily suspended according to predefined rules and

after considering any observed toxicity [21], which was assessed according to

the Common Terminology Criteria for Adverse Events version 3.0

[22]. Following adverse event resolution, sorafenib was restarted at the

maximally tolerated dose and continued until progression, unacceptable

toxicity or patient refusal. The study was approved by participating centers

institutional review boards, and conducted according to the Declaration of

Helsinki and the International Conference on Harmonization of Good

Clinical Practice guidelines. Each patient provided written informed consent.

efficacy assessment
Before starting treatment, patients were staged with chest and abdomen

computed tomography (CT) and magnetic resonance imaging (MRI)

(whenever indicated by the clinical situation). Baseline assessment included

also full blood count, serum chemistry, electrocardiogram and physical

examination. In light of its potential role in osteosarcoma response

assessment [23], [18F]2-fluoro-2-deoxy-D-glucose–positron emission

tomography (FDG-PET) was suggested but not mandated for patient

enrollment, and its impact on tumor response assessment was purely

exploratory. All tests were repeated after 2 months and, thereafter, at 2-
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month intervals unless there were toxic effects or disease progression

suspicion. Response was assessed by CT/MRI scan according to RECIST

v1.0 [24]. Thus, both complete and partial remission needed confirmation

within 4 weeks of when a response was first demonstrated. Stable disease

(SD) was confirmed after a minimum of ‡8 weeks. We thoroughly probed

for and recorded any sign(s) of treatment-induced improvement, be it

minor response (MR) as tumor shrinkage <30%, and/or nondimensional

tumor responses including Hounsfield unit measured tissue density changes

or osteoid matrix calcification.

The primary end point progression-free survival (PFS) at 4 months was

calculated from the date of treatment start until the time of disease

progression or death, whichever came first. Patients alive and free from

progression were censored. Secondary end points included the following:

PFS; OS; overall response rate, defined as complete responses (CRs) +
partial responses (PRs) + MRs; disease control rate (overall response rate +
SDs); patterns of nondimensional response; clinical benefit rate (CBR) (PFS

rate at 6 months) and duration of response. Duration of response was

calculated from the day of first response assessment until either

progression/death (event) or last day of follow-up (censored). Last, we

evaluated any clinical improvement by means of the Pain Analgesic Score

via the Brief Pain Inventory (BPI) score form that was filled in by patients

themselves [25]. Analgesic medication use was recorded according to the

analgesic score: 0 = none; 1 = minor analgesics; 2 = tranquillizers,

antidepressants, muscle relaxants and steroids; 3 = mild narcotics; 4 =
strong narcotics.

statistical methods
This is a phase II, nonrandomized, multicenter open-label trial (EudraCT

2007-004396-19). The study sample size was calculated according to Simon

as a phase II, optimal two-stage study [26] with PFS at 4 months as the

primary end point, i.e. patients alive after 4 months without signs of

progression were regarded as successes. We set error a = 0.05 and error b =
0.1. Then, we calculated the number of needed patients under a hypothesis

of interest in which sorafenib PFS at 4 months was ‡30% (H1 = 30%)

and a null hypothesis in which sorafenib reached a PFS at 4 months £10%

(H0 = 10%). These conditions required that we observed at least three

responses among the first 18 patients to proceed to the second stage for

a total of 35 enrollees. Greater than seven successes were needed to warrant

further study of sorafenib. All patients who received at least one pill were

included in an intention-to-treat analysis. PFS at 4 months, PFS, OS and

duration of response were estimated according to the Kaplan–Meier

method with their respective 95% confidence intervals (CIs). The RECIST

objective response was evaluated and we reported the overall response rate

and the disease control rate with their CIs.

results

patient characteristics

Between January 2008 and December 2009, 35 patients affected
by metastatic high-grade relapsed and unresectable
osteosarcoma were enrolled at four Italian Sarcoma Group
centers. Table 1 enumerates the patient demographics and risk
factors.

Since all patients were treated according to protocol, 35
patients were assessable for both safety and efficacy. The analyses
were carried out 6 months after the last patient started therapy.

efficacy

The median follow-up for efficacy was 3.6 months. At last
follow-up, four patients (11%) remained on therapy at 14, 6, 6
and 6 months, respectively. Progression in 30 (86%) and

toxicity in 1 (3%) patient were reasons to interrupt the drug.
Three (9%) patients received sorafenib for >1 year. Sixteen
patients were free from progression after 4 months of therapy
for an overall PFS at 4 months of 46% (95% CI 28% to 63%)
(Figure 1). The median OS was 7 months (95% CI 7–8), with
a 17% (95% CI 4–30) probability to be alive at 12 months from
study entry (Figure 1). The median PFS and duration of
response were 4 (95% CI 2–5) and 4 (95% CI 3–5) months,
respectively. The CBR was 29% (95% CI 13% to 44%).

We observed no CRs, but three (9%) patients did meet the
criteria for PRs (Figure 2A) and two (6%) achieved a MR
(tumor shrinkage of 15%). Twelve (34%) patients qualified for
SD. The overall response rate and disease control rate were 14%
(95% CI 2% to 26%) and 49% (95% CI 31% to 67%),
respectively (Table 2). Table 2 describes the site and type of
response. No patient became eligible for surgery.

Among nonprogressing patients, there were six (17%)
patients who continued to take sorafenib for as long as 14
months (14, 14, 12, 9, 9 and 7.5); 3 (9%) patients continued to
be progression free after 6 months.

Finally, BPI was assessable in 31 (89%) patients. We
demonstrated a significant improvement in patients who
reached an SD with a reduction in the ‘best-response’ BPI score
to a mean score of 4/10 (P = 0.009) (Figure 3).

pattern of response

Consideration of the mounting evidence that targeted therapies
may cause nondimensional tumor responses coupled with
acknowledgment of how difficult it may be to detect
chemotherapy activity in osteosarcoma led us to report all
observed modifications other than tumor shrinkage. In two
(6%) patients, we detected progressive calcification of the
tumor mass without dimensional increase (Figure 2B). A
biopsy of the mass showed a calcified lesion without tumoral
residual cells (data not shown). In an exploratory analysis,
FDG-PET was carried out in 12 patients. In two (6%) patients,
FDG–PET predicted the progression of the disease earlier than
CT. In seven (20%) patients, CT and FDG-PET response
evaluations were consistent. In one patient with MR and two
patients with SDs, FDG-PET showed a PR according to PET
Response Criteria In Solid Tumors [27].

In Figure 4, we present a 73% reduction in the maximum
standard uptake value in a stable calcified metastasis. A different
pattern of response was noticed in a large pelvic metastasis, in
which a moderate mass shrinkage was accompanied by a mean
density reduction from 64 to 29 Hounsfield units (Figure 2C).
This patient refused a fine needle biopsy. Finally, the only patient
who stopped the study drug for toxicity did so due to
a pneumothorax resulting from necrosis of a pleural metastasis
that shrank >30% in its widest diameter. Nevertheless, this patient
was considered a failure for study purposes.

toxicity

The median duration of therapy was 4.4 months. The overall
incidence of sorafenib-related adverse events was 78%. In
general, drug-related adverse events were limited to grade 1 or
2. We noted the following grade 3 and 4 toxic effects: anemia 2
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(6%), thrombocytopenia 2 (6%), nausea 1 (3%), asymptomatic
lipase G4 increase 1 (3%), abdominal cramps 1 (3%), oral
mucositis 1 (3%), hand–foot skin reaction 3 (9%) and 1 (3%)
skin metastasis bleeding (after a minor trauma). Table 3
summarizes the main side-effects and all grades 3 and 4 adverse
events. All reported toxic effects led to brief study drug
interruptions and contributed to a discontinuation rate of 46%
(16 patients). Whenever clinically needed, sorafenib was
reduced by 25% (600 mg daily). However, this relatively young
population was often able to resume the study drug at full dose.
The mean administered dose was 0.85 of the full expected dose.

We recorded no drug-related death. As mentioned
previously, we observed 1 (3%) pneumothorax in a patient due
to the necrosis of a lung metastasis creating a bronchopleural
fistula. Recovery was uneventful, but immediately upon
sorafenib restarted, the pneumothorax relapsed leading to
permanent treatment discontinuation.

discussion

This multicenter phase II trial was carried out to test the
activity of the multikinase inhibitor sorafenib as second- or
third-line therapy for patients with unresectable and relapsed
high-grade osteosarcoma. In the last decades, only marginally
effective therapies have been developed for such patients [28,
29] and most of them become candidates for either
experimental therapies or supportive care [30]. Our preclinical
study on osteosarcoma specimens demonstrated that sorafenib
targets were expressed and effectively inhibited by this drug in
xenografts, providing a rationale to explore sorafenib in
progressing osteosarcoma patients.

Within this context, sorafenib produced two notable results.
First, it achieved a far greater PFS at 4 months than the
hypothesized threshold of interest and second, it delivered
a CBR (PFS ‡6 months) to nearly one of three patients with PD
at enrollment. Sorafenib also demonstrated objective responses:
three RECIST PRs and two MRs. Moreover, at least two
patients showed a nondimensional pattern of response that
included a complete tumor calcification—a well-known pattern
of response to chemotherapy in osteosarcoma—and a sharp
density reduction with a minor shrinkage (<30% in its widest
diameter) of a pelvic metastasis in a second patient. While
density reduction is a relatively new type of radiological finding
in osteosarcoma, it has gained recognition as a sign of response
to several targeted therapies [31–33]. From this point of view,
such objective findings (dimensional and nondimensional
responses) represent the proof of principle standing for an
antitumor activity of sorafenib in high-grade osteosarcoma.
Also, the FDG-PET might be a helpful and complementary tool
to assess response. Figure 4 strengthens our interpretation of
the observed calcification as a response to the study drug
despite its dimensional stability. Besides, this is fully consistent
with what Hawkins recently demonstrated regarding FDG-PET
use in osteosarcoma [23].

We did observe some long-lasting disease stability. Whereas
in a nonrandomized study, such behavior could be attributed
to tumor growth variability rather than study drug activity,
physicians involved in the care of high-grade osteosarcoma
patients would estimate the likelihood of ‘spontaneous’ stability
to be extremely low. Furthermore, all patients were progressing
at baseline after receiving standard therapy plus one or two
additional lines. Finally, in targeted therapies, tumor shrinkage
may be delayed [34] or may not even occur [19], yet the drug
may still be deemed ‘efficacious’. Therefore, we believe SD
should be regarded as the mark of success in this specific
population [35–38] whose median OS was only 7 months.

Since stability and clinical benefit alone are somewhat
slippery as evidence of drug activity, we designed our study to
capture any clinical improvement in symptoms by means of the
BPI scale. To this end, we found that 9 of 12 (75%) patients

Table 1. Patients demographics

Characteristics N %

Age at study entry (years)

Median (range) 21 (15–62)

<18 7 20

‡18 28 80

Gender

Male 21 60

Female 14 40

ECOG performance status

0 9 26

1 17 48

2 9 26

Location of primary tumor

Limbs 19 54

Nonextremities 16 46

Osteosarcoma histotype

Osteoblastic 23 66

Chondroblastic 4 11

Fibroblastic 5 14

Other 3 9

Metastatic at diagnosis

No 21 60

Yes 14 40

Adjuvant chemotherapy 35 100

MTX-ADM-CDDP 6 IFO 33 94

Other (ADM-CDDP based) 2 6

First-line chemotherapy 33 94

HD-IFO based 16 46

CE 7 20

GEM-TXT 6 17

Other 4 11

Second-line chemotherapy 13 37

HD-IFO based 7 20

ETO based (+ IFO or CTX) 6 17

Time to first relapse (months)

Median (95% CI) 17 (95% CI 14–20)

Site(s) of diseasea

Local relapse 8 23

Distant lung 13 37

Bone and lung 17 49

Extra 5 14

aThere were patients progressing at both sites.

ECOG, Eastern Cooperative Oncology Group; MTX, methotrexate; ADM,

adriamycin; CDDP, cisplatin; IFO, ifosfamide; HD-IFO, high-dose

ifosfamide; CE, cyclophosphamide plus etoposide; GEM, gemcitabine; TXT,

docetaxel; ETO, etoposide; CTX, cyclophosphamide; CI, confidence interval.
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who achieved SD, patient records confirmed a sharp reduction
or even elimination of opioids. Since such an improvement can
only be attributed to sorafenib, this finding bolsters our
assertion of stable disease SD as ‘success’.

We acknowledge our study has some limitations due to its lack
of a control group. However, we conceived this study to explore
a completely different strategy in a rare sarcoma for which
there are no other therapeutic options. The young age and the

Figure 1. Kaplan–Meier plots for progression-free survival and overall survival.
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good performance status of high-grade relapsed osteosarcoma
make the ‘no treatment option’ difficult to propose. Moreover,
there is no ‘standard’ second- or third-line of therapy by which
to compare alternative treatments, and 94% of our patients
(Table 1) had already received those ‘salvage’ regimens most

commonly used in this context [28, 29]. Finally, the non-
randomized design allowed us to complete our study quickly.

Regarding our primary end point, we do recognize that the
lack of a comparator makes the meaningfulness of the absolute
data of PFS at 4 months and at 6 months per se difficult to assess.

Figure 2. Computed tomography (CT): different patterns of response. (A) Dimensional response; (B) nondimensional response (calcification of the lesion);

(C) nondimensional response (>50% mean lesion density reduction in Hounsfield units). On the left: CT scan carried out at baseline; on the right: CT scan

carried out after 45 days of treatment.
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However, and acknowledging the differences, PFS at 4 months
has been put forth as a meaningful clinical end point by Van
Glabbeke et al. [39], who examined European Organisation for
Research and Treatment of Cancer (EORTC) phase II clinical
trials of soft tissue sarcoma patients. The EORTC data
demonstrated that further study was warranted for any new drug
tested in a phase II study showing a progression-free ratio of
40% and 20% at 3 and 6 months, respectively. While no
established parameters exist for osteosarcoma, we found

sorafenib yielded progression-free ratios at levels above those
suggested in the literature for soft tissue sarcomas. Within the
above-mentioned limits, these results compare very favorably
not only with proposed cut-offs but also with historical controls.
Indeed, in the postrelapse inoperable osteosarcoma setting, the
results of three cooperative groups provide a useful point of
reference. The Cooperative Osteosarcoma Study Group
unresectable patient median survival time was 0.49–0.55 year

Table 2. Patients responses

Response n %

Total assessable patient 35 100

CR 0 0

PR (>30%) 3 9

Lung 1 3

Lung + bone + soft tissue 2 6

MR 2 6

Lung 1 3

Lung + bone 1 3

SD 12 34

Lung 4 11

Lung + bone 7 20

Lung + bone + soft tissue 1 3

PD 18 51

Lung 7 20

Lung + bone 9 26

Lung + bone + soft tissue 2 6

Nondimensional responses 2 6

Lung + bone 1 3

Lung + bone + soft tissue 1 3

Overall response rate (PR + MR) 5 14

Clinical benefit (PR + MR + SD)

‡6 months

10 29

Analgesic score reduction 13 37

CR, complete response; PR, partial response; MR, minor response; SD,

stable disease; PD, progressive disease.

Figure 3. Brief Pain Inventory (BPI) score evaluation. The bar on the left

refers to the BPI score at the start of the study [mean 6/10; 95% confidence

interval (CI) 4.7–7.3]; the one on the right refers to the best score obtained

during drug administration (mean 4.0/10; 95% CI 3.4–6.3).

Figure 4. [18F]2-fluoro-2-deoxy-D-glucose–positron emission

tomography. Maximum standard uptake value at the beginning (above)

and after 3 months of therapy (below). SUV, Standard Uptake Value.

Table 3. Drug-related adverse events

Adverse event Grade

1 or 2 3 4 Total

n % n % n % n %

Anemia 16 46 2 6 0 0 18 51

Leucopenia 17 49 1 3 0 0 18 51

Hand and foot syndrome 10 29 3 9 0 0 13 37

Skin rash 11 31 1 3 0 0 12 34

Mucositis/stomatitis 9 26 1 3 0 0 10 29

Diarrhea 9 26 0 0 0 0 9 26

Thrombocytopenia 6 17 2 6 0 0 8 23

Nausea 5 14 1 3 0 0 6 17

Fatigue 5 14 1 3 0 0 6 17

Pruritus 5 14 0 0 0 0 5 14

Weight loss 4 11 0 0 0 0 4 11

Hypertension 3 9 0 0 0 0 3 9

Lipase elevation 1 3 1 3 1 3 3 9

Abdominal cramps 3 9 0 0 0 0 3 9

CK elevation 0 0 0 0 2 6 2 6

Alopecia 1 3 0 0 0 0 1 3

Pneumothorax 0 0 0 0 1 3 1 3

Bleeding 0 0 1 3 0 0 1 3

CK, creatine kinase.
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[8]; the Italian 2-year postrelapse survival was <2% for like
patients [7]. Last, Leary et al. [40] demonstrated a median time
to progression of 1.8 months with a 6% event-free survival at 6
months in their inoperable series.

In general, sorafenib was fairly well tolerated and its side-
effects were manageable. We observed several of the expected
adverse events previously reported and mostly grade 1 or 2.
Grades 3 and 4 occurred relatively infrequently. Chronic use of
the study drug might require short sorafenib holidays or dose
reductions, even for milder toxic effects. The mean
administered dose was 0.85 of the full expected dose, which is
relatively high compared with another sorafenib phase II
study composed of older sarcoma patients in which 61% of the
population required at least one dose reduction [41]. We found
no different toxic effects in younger (<18) patients. Regardless
of age, careful identification and prompt treatment of adverse
events are necessary to improve patient compliance.

Two observed shortcomings deserve emphasis. First, there
was a high percentage of relatively short-lasting responses in
patients who initially benefited from the study drug; second,
almost half of the patients were refractory to this inhibitor.
Several causes could lie behind these failures. The fact that
osteosarcoma is a genetically complex disease [42, 43] makes it
unlikely that a single small molecule, even if it is targeting many
kinases at the same time, might shut off all activated pathways.
Rather, we suggest that other transduction pathways are
involved based on preclinical data of both others and ourselves
[15, 16]. In particular, both PI3K [44] and the mTOR [45]
seem likely to be involved in the escape mechanism, which also
make them promising targets for future therapies.

In conclusion, sorafenib displayed clinical activity and an
acceptable toxicity profile in what is the worst-case scenario of
high-grade osteosarcoma. We suggest these encouraging results
deserve further studies focusing not only on mechanisms of
activity and resistance but also on combination therapies.

acknowledgements

The authors acknowledge Bayer and the Rete Oncologica
Piemontese for the unrestricted grant to the Italian Sarcoma
Group, Manuela Muliello and Annamaria Nuzzo (data
managers in the Institute for Cancer Research and Treatment)
for their assistance in data management and analysis.

Previous presentations: an abstract of this study has been
presented at the 2010 CTOS Annual Meeting.

funding

This work was supported by the Italian Sarcoma Group
through unrestricted grants by Bayer AG and Rete Oncologica
Piemontese (ROP 273/09 to GG). All authors contributed
intellectually to the content of the manuscript, had full access to
the data and vouch for the completeness and accuracy of the
data and analyses. The corresponding author had final
publication submission responsibility.

disclosure

The authors declare no conflict of interest.

references

1. Raymond AK, Ayala AG, Kuutila S. Conventional osteosarcoma. In Fletcher

CDM, Unni KK, Mertens F(eds), World Health Organization Classification of

Tumours. Tumours of Soft Tissue and Bone. Lyon, France: IARC Press 2002;

264–270.

2. Bielack SS, Kempf-Bielack B, Delling G et al. Prognostic factors in high-grade

osteosarcoma of the extremities or trunk: an analysis of 1,702 patients treated

on neoadjuvant Cooperative Osteosarcoma Study Group protocols. J Clin Oncol

2002; 20: 776–790.

3. Rosen G, Marcove RC, Caparros B et al. Primary osteogenic sarcoma: the

rationale for preoperative chemotherapy and delayed surgery. Cancer 1979; 43:

2163–2177.

4. Bacci G, Ferrari S, Bertoni F et al. Long-term out come for patients with

nonmetastatic osteosarcoma of the extremity treated at the Istituto Ortopedico

Rizzoli according to the Istituto Ortopedico Rizzoli/osteosarcoma-2 protocol: an

updated report. J Clin Oncol 2000; 18: 4016–4027.

5. Meyers PA, Schwartz L, Trailo MD et al. Osteosarcoma: the addition of muramyl

tripeptide to chemotherapy improves overall survival–a report from the Children’s

Oncology Group. J Clin Oncol 2008; 26: 633–636.

6. Chou AJ, Kleinerman ES, Krailo MD et al. Addition of muramyl tripeptide to

chemotherapy for patients with newly diagnosed metastatic osteosarcoma.

Cancer 2009; 115: 5339–5348.

7. Ferrari S, Briccoli A, Mercuri M et al. Postrelapse survival in osteosarcoma of the

extremities: prognostic factors for long-term survival. J Clin Oncol 2003; 21:

710–715.

8. Kempf-Bielack B, Bielack SS, Jurgens H et al. Osteosarcoma relapse after

combined modality therapy: an analysis of unselected patients in the

Cooperative Osteosarcoma Study Group (COSS). J Clin Oncol 2005; 23:

559–568.

9. McGary EC, Weber K, Mills L et al. Inhibition of platelet-derived growth factor-

mediated proliferation of osteosarcoma cells by the novel tyrosine kinase

inhibitor STI571. Clin Cancer Res 2002; 8: 3584–3591.

10. Sulzbacher I, Birner P, Trieb K et al. Expression of platelet-derived growth factor-

AA is associated with tumor progression in osteosarcoma. Mod Pathol 2003; 16:

66–71.

11. Kubo T, Piperdi S, Rosenblum J et al. Platelet-derived growth factor receptor as

a prognostic marker and a therapeutic target for imatinib mesylate therapy in

osteosarcoma. Cancer 2008; 112: 2119–2129.

12. Kaya M, Wada T, Akatsuka T et al. Vascular endothelial growth factor expression

in untreated osteosarcoma is predictive of pulmonary metastasis and poor

prognosis. Clin Cancer Res 2000; 6: 572–577.

13. O’Day K, Gorlick R. Novel therapeutic agents for osteosarcoma. Expert Rev

Anticancer Ther 2009; 9: 511–523.

14. Kolb EA, Kamara D, Zhang W et al. R1507, a fully human monoclonal antibody

targeting IGF-1R, is effective alone and in combination with rapamycin in

inhibiting growth of osteosarcoma xenografts. Pediatr Blood Cancer 2010; 55:

67–75.

15. Skotlandi K, Manara MC, Nicoletti G et al. NVP-BEZ235 as a new therapeutic

option for sarcomas. Clin Cancer Res 2010; 16: 530–540.

16. Pignochino Y, Grignani G, Cavalloni G et al. Sorafenib blocks tumour growth,

angiogenesis and metastatic potential in preclinical models of osteosarcoma

through a mechanism potentially involving the inhibition of ERK1/2, MCL-1 and

ezrin pathways. Mol Cancer 2009; 8: 118–123.

17. Abdeen A, Chou AJ, Healey JH et al. Correlation between clinical outcome and

growth factor pathway expression in osteogenic sarcoma. Cancer 2009; 115:

5243–5250.

18. Wilhelm SM, Carter C, Tang L et al. BAY 43-9006 exhibits broad spectrum oral

antitumor activity and targets the Raf/MEK/ERK pathway and receptor tyrosine

kinases involved in tumor progression and angiogenesis. Cancer Res 2004; 64:

7099–7109.

19. Escudier B, Eisen T, Stadler WM et al. Sorafenib in advanced clear-cell renal-cell

carcinoma. N Engl J Med 2007; 356: 125–134.

20. Llovet JM, Ricci S, Mazzaferro V et al. SHARP Investigators Study Group.

Sorafenib in advanced hepatocellular carcinoma. N Engl J Med 2008; 359:

378–390.

Annals of Oncology original articles

Volume 23 | No. 2 | February 2012 doi:10.1093/annonc/mdr151 | 515



21. Abou-Alfa GK, Schwartz L, Ricci S et al.; Phase II study of sorafenib in

patients with advanced hepatocellular carcinoma. J Clin Oncol 2006; 24:

4293–4300.

22. US Department of Health and Human Services, National Institutes of Health, National

Cancer Institute, Cancer Therapy Evaluation Program, Division of Cancer Treatment

and Diagnosis. Common terminology criteria for adverse events v3.0 (CTCAE) 2006;

http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf

(15 January 2011, date last accessed).

23. Hawkins DS, Conrad EU III, Butrynski JE et al. [F-18]-fluorodeoxy-D-glucose-

positron emission tomography response is associated with outcome for

extremity osteosarcoma in children and young adults. Cancer 2009; 115:

3519–3525.

24. Therasse P, Arbuck SG, Eisenhauer EA et al. New guidelines to evaluate the

response to treatment in solid tumors. European Organization for Research

and Treatment of Cancer, National Cancer Institute of the United States,

National Cancer Institute of Canada. J Natl Cancer Inst 2000; 92: 205–216.

25. Caraceni A, Mendoza TR, Mencaglia E et al. A validation study of an Italian

version of the Brief Pain Inventory (Breve Questionario per la Valutazione del

Dolore). Pain 1996; 65: 87–92.

26. Simon R. Optimal two-stage designs for phase II clinical trials. Control Clin Trials

1989;10:1–10.

27. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to PERCIST: evolving

considerations for PET response criteria in solid tumors. J Nucl Med 2009; 50

(Suppl 1): 122S–150S.

28. Navid F, Willert JK, McCarville MB et al. Combination of gemcitabine and

docetaxel in the treatment of children and young adults with refractory bone

sarcoma. Cancer 2008; 113: 419–425.

29. Berger M, Grignani G, Ferrari S et al. Phase 2 trial of two courses of

cyclophosphamide and etoposide for relapsed high-risk osteosarcoma patients.

Cancer 2009; 115: 2980–2987.

30. National Comprehensive Cancer Network (NCCN). Clinical Practice Guidelines in

Oncology. Bone Cancer version 3. 2010.; Fort Washington, PA. Published by the

National Comprehensive Cancer Network online at the URL address: http://

www.nccn.org/professionals/physician_gls/pdf/bone.pdf (15 January 2011, date

last accessed).

31. Benjamin RS, Debiec-Rychter M, Le Cesne A et al. Gastrointestinal stromal

tumors II: medical oncology and tumor response assessment. Semin Oncol

2009; 36: 302–311.

32. Cowey CL, Fielding JR, Rathmell WK. The loss of radiographic enhancement

in primary renal cell carcinoma tumors following multitargeted receptor

tyrosine kinase therapy is an additional indicator of response. Urology 2010;

75: 1108–1113.

33. Sleijfer S, Ray-Coquard I, Papai Z et al. Pazopanib, a multikinase angiogenesis

inhibitor, in patients with relapsed or refractory advanced soft tissue sarcoma:

a phase II study from the European organisation for research and treatment of

cancer-soft tissue and bone sarcoma group (EORTC study 62043). J Clin Oncol

2009; 27: 3126–3132.

34. Le Cesne A, Van Glabbeke M, Verweij J et al. Absence of progression as

assessed by response evaluation criteria in solid tumors predicts survival

in advanced GI stromal tumors treated with imatinib mesylate: the intergroup

EORTC-ISG-AGITG phase III trial. J Clin Oncol 2009; 27: 3969–3974.

35. Gehan EA, Tefft MC. Will there be resistance to the RECIST (Response Evaluation

Criteria in Solid Tumors)? J Natl Cancer Inst 2000; 92: 179–181.

36. Tuma RS. Sometimes size doesn’t matter: revaluating RECIST and tumor

response rate endpoints. J Natl Cancer Inst 2006; 98: 1272–1274.

37. Ratain MJ, Eisen T, Stadler WM et al. Phase II placebo-controlled randomized

discontinuation trial of sorafenib in patients with metastatic renal cell carcinoma.

J Clin Oncol 2006; 24: 2505–2512.

38. Ratain MJ, Eckhardt SG. Phase II studies of modern drugs directed against

new targets: if you are fazed, too, then resist RECIST. J Clin Oncol 2004; 22:

4442–4445.

39. Van Glabbeke M, Verweij J, Judson I et al. Progression-free rate as the principal

end-point for phase II trials in soft-tissue sarcomas. Eur J Cancer 2002; 38:

543–549.

40. Leary SE, Billups CA, Watkins A et al. Survival of pediatric patients after relapsed

osteosarcoma: the St. Jude Children’s Research Hospital experience. J Clin

Oncol 2008; 26: (Abstr 10516). http://www.asco.org/ASCOv2/Meetings/

Abstracts?&vmview=abst_detail_view&confID=55&abstractID=31932
(15 January 2011, date last accessed).

41. Maki RG, D’Adamo RD, Keohan ML et al. Phase II study of sorafenib in patients with

metastatic or recurrent sarcomas. J Clin Oncol 2009; 27: 3133–3140.

42. Gorlick R. Current concepts on the molecular biology of osteosarcoma. Cancer

Treat Res 2010; 152: 467–478.

43. Gorlick R, Khanna C. Osteosarcoma. J Bone Miner Res 2010; 25: 683–691.

44. Dı́az-Montero CM, Wygant JN, McIntyre BW. PI3-K/Akt-mediated anoikis

resistance of human osteosarcoma cells requires Src activation. Eur J Cancer

2006; 42: 1491–1500.

45. Wan X, Mendoza A, Khanna C et al. Rapamycin inhibits ezrin-mediated

metastatic behavior in a murine model of osteosarcoma. Cancer Res 2005; 65:

2406–2411.

original articles Annals of Oncology

516 | Grignani et al. Volume 23 | No. 2 | February 2012


