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Abstract

Increased vascular endothelial growth factor (VEGF) expression in osteosarcoma correlates with a 

poor outcome. We conducted a phase II trial to evaluate the feasibility and efficacy of combining 

bevacizumab, a monoclonal antibody against VEGF, with methotrexate, doxorubicin and cisplatin 

(MAP) in patients with localized osteosarcoma. Eligible patients received 2 courses of MAP 

chemotherapy before definitive surgery at week 10. Bevacizumab (15 mg/kg) was administered 3 

days before starting chemotherapy then on day 1 of weeks 3 and 5 of chemotherapy. After surgery, 

patients received MAP for a total of 29 weeks; bevacizumab was added every 2 or 3 weeks on day 

1 of chemotherapy at least 5 weeks after surgery. Group sequential monitoring rules were used to 

monitor for unacceptable bevacizumab-related targeted toxicity (grade 4 hypertension, proteinuria, 

or bleeding, grade 3 or 4 thrombosis/embolism, and grade 2–4 major wound complications). 

Thirty-one patients (median age 12.8 years) with localized osteosarcoma were enrolled. No 

unacceptable targeted toxicities were observed except for wound complications (9 minor and 6 

major), which occurred in 15 patients; none required removal of prosthetic hardware or 

amputation. The estimated 4-year event-free survival (EFS) rate and overall survival rate were 

57.5%±10.0% and 83.4%±7.8%, respectively. Eight (28%) of 29 evaluable patients had good 

histologic response (< 5% viable tumor) to preoperative chemotherapy. The addition of 

bevacizumab to MAP for localized osteosarcoma is feasible but frequent wound complications are 

encountered. The observed histologic response and EFS do not support further evaluation of 

bevacizumab in osteosarcoma.
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INTRODUCTION

Osteosarcoma is the most common malignant bone tumor in children and adolescents. 

Approximately 20% of patients will have clinically detectable metastatic disease, mostly to 

lung and bone, at the time of diagnosis.1 The survival for patients with newly-diagnosed 

localized osteosarcoma is approximately 70 percent compared to 30 percent for patients with 

metastatic disease.2–4 Therapy consists of aggressive surgery and multi-agent chemotherapy, 

which usually includes a standard regimen of high-dose methotrexate, doxorubicin, and 

cisplatin (MAP).4–7 The use of other drugs such as ifosfamide and interferon or the 

intensification of active drugs (e.g., doxorubicin) has not improved patient outcomes since 

the 1990’s.4,7–9 Thus, the outcome of patients with localized osteosarcoma appears to have 

reached a plateau over the past three decades with no added benefit from intensifying or 

adding new cytotoxic chemotherapy, underscoring the need for novel therapeutic strategies.

Vascular endothelial growth factor (VEGF) plays a key role in angiogenesis, which is 

essential for tumor growth and metastasis.10,11 Preclinical xenograft models demonstrate 

that targeting VEGF in osteosarcoma results in growth inhibition.12,13 Further, increased 

serum levels and protein expression of VEGF in tumor specimens have been correlated with 

worse outcome in patients with osteosarcoma, suggesting that VEGF is a potential 

therapeutic target in this tumor type.14–16 Bevacizumab, a monoclonal antibody against 
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VEGF, combined with cytotoxic chemotherapy has significantly improved the outcomes in 

adults with a variety of cancers.17–19 The addition of bevacizumab not only inhibits 

angiogenesis, but also is thought to improve the delivery of chemotherapy by altering or 

“normalizing” the tumor vasculature and decreasing elevated interstitial pressure in tumors.
20 Adverse events commonly related to bevacizumab as a single agent or in combination 

with chemotherapy have been limited to mild to moderate hypertension, proteinuria, 

bleeding, and thrombosis.21 Because neovascularization plays a critical role in wound 

healing, the potential for bevacizumab to affect post-operative healing is a concern that has 

not been systematically studied in patients undergoing resection of bone tumors.

Based on the rationale above, we wished to investigate whether targeting angiogenesis may 

be a novel therapeutic strategy for osteosarcoma. Therefore, we conducted a single arm, 

multi-institutional, open-label phase II trial (NCT00667342) of combining bevacizumab 

with MAP chemotherapy in patients with localized, resectable osteosarcoma. The MAP 

chemotherapy regimen was based on the standard of care treatment arm (Regimen A) of a 

large randomized study conducted through the Children’s Oncology Group, INT01337 in a 

similar patient population with newly diagnosed localized osteosarcoma. The study had two 

primary objectives. The first was to evaluate the feasibility of adding bevacizumab to the 

MAP chemotherapy. Feasibility was defined by the number of observed unacceptable 

toxicities related to bevacizumab, including hypertension, proteinuria, bleeding, and 

thrombosis and wound complications following definitive surgery. The second primary 

objective of the study was to compare the event-free survival (EFS) of patients with 

localized osteosarcoma treated with the combination of bevacizumab and MAP 

chemotherapy to the reported 3-year EFS of 71% for the 172 patients with localized 

osteosarcoma treated with MAP chemotherapy (Regimen A) on INT0133. Secondary 

analysis in this study included exploring the relationship between methotrexate clearance 

and bevacizumab exposure, correlation between imaging response and histologic tumor 

response and comparison of percent good histologic tumor (<5% viable tumor as defined in 

INT0031) in patients who received bevacizumab with MAP chemotherapy vs. MAP 

chemotherapy alone.

PATIENTS AND METHODS

Patients

Eligibility criteria included: age ≤30 years, newly-diagnosed histologically confirmed, high-

grade, localized, resectable osteosarcoma, Karnofsky/Lansky performance score ≥50 (not 

disabled, requiring special care or assistance) or WHO/ECOG ≤2 (ambulatory and capable 

of all self-care; out of bed more than 50% of waking hours) and no previous chemotherapy 

or radiation therapy. Other organ-specific and prior therapy inclusion/exclusion criteria are 

provided in Appendix.

Written informed consent was obtained from patients, parents, or legal guardians, with 

assent as appropriate. The protocol was approved by the Institutional Review Board of each 

of the four institutions who participated in the study: St. Jude Children’s Research Hospital, 

Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins, Rady Children’s Hospital, 

and MD Anderson Cancer Center. Clinical trials registration number: NCT0066734.
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Treatment

The treatment schema is shown in Figure 1. Bevacizumab was administered 3 days pior to 

the first dose of chemotherapy at week 0 in order to characterize the single-dose single agent 

pharmacokinetics of the drug in children22 and to assess the effect of bevacizumab alone on 

the tumor vasculature using dynamic contrast-enhanced MRI23, as previously reported. All 

subsequent doses of bevacizumab were given on day 1 of chemotherapy. Two weeks after 

definitive surgery for primary tumor removal, chemotherapy was resumed once adequate 

wound healing was observed. Due to concerns about potential effects of bevacizumab on 

wound healing, the study was designed such that bevacizumab was not administered for at 

least 5 weeks before and for at least 5 weeks after definitive surgery. Granulocyte colony-

stimulating factor (either filgrastim or pegfilgrastim) was administered after each cycle of 

chemotherapy that included doxorubicin or cisplatin. At the time of definitive surgery, the 

bone resection margins were determined to be a minimum of 1.5 cm proximal (or distal) to 

the known extent of intraosseous (intracortical) involvement by the tumor as defined by the 

scanograms and MRI at the time of initial diagnosis.

Evaluations, Toxicity Grading and Response Criteria

Evaluations at baseline, during and after completion of therapy are outlined in Appendix. All 

adverse events except for wound complications were graded according to the Common 

Terminology Criteria for Adverse Events (CTCAE) version 3.0.24 Given the limitations of 

the CTCAE criteria for grading wound complications, we developed more comprehensive 

criteria for grading these adverse events. We categorized wound complications as minor or 

major based on whether the wound was superficial (above the fascia) or deep (below the 

fascia), respectively. Minor wound complications were graded as follows: Grade 1, 

epidermolysis or marginal wound necrosis requiring only routine wound care; Grade 2, 

wound dehiscence requiring advanced wound care including vacuum-assisted closure; Grade 

3, wound infection/dehiscence treated conservatively including antibiotics; Grade 4, wound 

dehiscence requiring surgical closure; and Grade 5, wound infection/dehiscence requiring 

debridement and primary or secondary wound closure. Major wound complications were 

graded as follows: Grade 1, culture proven infection treated with antibiotics without surgical 

intervention; Grade 2, infection/dehiscence requiring debridement and primary or secondary 

wound closure; Grade 3, infection requiring removal of hardware with limb salvage; and 

Grade 4, infection requiring amputation.

Radiologic response of the primary tumor to neoadjuvant therapy (at weeks 5 and 10) was 

evaluated using three-dimensional (3D) volumetric measurements using an elliptical model 

(0.5 times the product of the three largest perpendicular diameters). Disease assessment was 

classified as: complete response (CR), complete disappearance of tumor; partial response 

(PR), at least 50% decrease in volume compared to the measurement obtained at study entry; 

progressive disease (PD), at least 25% increase in tumor volume compared to the smallest 

volume obtained since the beginning of therapy; and stable disease (SD), neither sufficient 

shrinkage to qualify for PR nor sufficient increase to qualify for PD taking as a reference the 

smallest disease volume since treatment started.
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Tumor necrosis following preoperative chemotherapy was classified using a modified Huvos 

grading system7,25 as follows: Grade I, no response to therapy; Grade IIA, >50% viable 

tumor; Grade IIB, 5–50% viable tumor; Grade III, < 5% viable tumor; and Grade IV, no 

viable tumor.

Pharmacokinetics

Bevacizumab pharmacokinetic studies were performed at weeks 0, 3 and 5. The sampling 

strategy, sample analysis, and development of the population pharmacokinetic model for 

bevacizumab have been previously described.22 Bevacizumab concentration-time data were 

fit to a two-compartment model with first order elimination from the central compartment. 

Bevacizumab exposure [area under curve (AUC)] from the first dose (week 0) to time of 

methotrexate administration was estimated for each patient using a nonlinear mixed effects 

model in NONMEM (version 7.3; ICON solutions, Hanover, MD), a software package 

utilized for population pharmacokinetic modeling. Methotrexate pharmacokinetic studies 

were performed in all patients for clinical monitoring purposes with samples routinely 

collected at the end of infusion (~4 hr) and 24, 48, and 72 hours post infusion. A two-

compartment model with first order elimination using ADAPT II (Biomedical Simulations 

Resource, University of Southern California) was fit to plasma methotrexate concentrations, 

which were analyzed by a fluorescence polarization immunoassay (TDx System; Abbott 

Laboratories, Abbott Park, IL). Methotrexate systemic clearance (CLt) was calculated based 

on the model-predicted elimination rate constant (ke) and volume of distribution of the 

central compartment (Vc).

Study Design and Statistical Methods

A historical control design was adopted to assess the effect EFS of adding bevacizumab to 

MAP chemotherapy, where the MAP chemotherapy arm of the INT0133 study7 served as 

the historical control. The sample size was determined to increase 3-year EFS from 70% to 

85% based on the method of Dixon and Simon26 with one-sided significance level 5% and 

power of 80%. EFS was defined as the interval from the date on study to the date of first 

event (relapse or progressive disease, second malignancy, death from any cause) or last 

follow-up. Overall survival (OS) was defined as the interval from the date on study to the 

date of death from any cause or last follow-up. EFS and OS were estimated using the 

method of Kaplan and Meier. Group sequential stopping rule was used for monitoring 

unacceptable toxicities related to the addition of bevacizumab to MAP chemotherapy. 

Unacceptable toxicities were defined as grade 4 hypertension, proteinuria, or bleeding, grade 

3 or 4 thrombosis/embolism (excluding catheter-related thrombosis) and grade 2, 3 or 4 

major wound complications. The study closed early due to slow accrual.

Fisher’s exact test was used to assess association between imaging response and histologic 

response. The Wilcoxon rank sum test was used to compare therapy completion times 

between patients with and without wound complications. Logistic regression was used to 

examine the association between the presence or absence of a wound complication with time 

to complete therapy. For the purpose of this analysis, the time to complete therapy was the 

date of the last dose of chemotherapy. Cox regression was used to assess associations 

between outcome, development of wound complication, and time to complete therapy. To 
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investigate the effect of bevacizumab on methotrexate disposition, the cumulative 

bevacizumab exposure prior to methotrexate administration for each course was estimated 

and analyzed with respect to the methotrexate CLt.

RESULTS

Patient Characteristics

Between June 2008 and May 2012, 31 patients were enrolled. Patient characteristics are 

summarized in Table 1 and Appendix (Table 1). Surgical resection of the primary tumor was 

performed after planned chemotherapy in 29 patients. The type of surgery performed 

included limb-salvage surgery (i.e., en-bloc resection followed by reconstruction with 

endoprosthesis, allograft, allograft prosthetic composite) (N=20), amputation (N=8), and 

hemimandibulectomy (N=1). Two patients did not undergo surgery at week 10 because of 

progressive disease at week 5 in one patient and patient refusal in the other.

Toxicity

The most common grade 3 or 4 toxicities were those typically observed with MAP 

chemotherapy, namely elevated liver transaminases and myelosuppression (Table 2). No 

unacceptable non-wound related targeted toxicities [i.e., grade 4 hypertension, proteinuria, 

or bleeding, and grade 3 or 4 thrombosis/embolism (excluding catheter-related thrombosis)] 

related to bevacizumab were observed. Common grade 1 or 2 toxicities during therapy that 

may be attributed to bevacizumab included epistaxis (74% of patients), proteinuria (68%), 

hypertension (39%), and left ventricular dysfunction (13%). With the exception of fever in 

one patient during the first infusion of bevacizumab, no other infusion-related side effects 

were observed. None of the interim stopping boundaries for toxicity were met, and there 

were no deaths due to toxicity. Growth plate abnormalities as assessed by radiograph of the 

unaffected knee were not observed.

The planned interval to resume chemotherapy and bevacizumab after surgery (week 10) as 

set by protocol was 14 days and 35 days, respectively (Figure 1). The actual median interval 

to resume chemotherapy (N=27) and bevacizumab (N=22) after surgery was 16 days (range, 

13–51 days) and 40 days (range, 34–151 days), respectively. Fifteen patients (15/29, 52%) 

had wound complications, 9 minor and 6 major, following definitive surgery (Table 3). No 

patient experienced significant bleeding or thrombosis nor did any patient require revision of 

the prosthesis or amputation during the postoperative period. Although protocol specified 

stopping rules for wound complications were not met, poor wound healing prohibited 

resuming bevacizumab in 5 patients and required holding at least one of the six planned 

doses in 10 patients after definitive surgery. Wound complications/delayed wound healing 

was the primary reason for omitting 52 (21.3%) of the 244 planned doses of bevacizumab. 

Other reasons for omitting bevacizumab doses included thoracotomy (2 doses) and bone 

fracture (1 dose).

Response and Outcome

Two patients were excluded from the assessment of histologic response: the patient who 

refused surgery at the protocol-specified time point and another patient who had a cystic 
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lesion that was fluid filled in the center and had viable tumor cells at the rim. Assessment of 

histologic response in the latter patient was felt to be inaccurate. Of the remaining 29 

patients, 8 (28%) had a good histologic response (Huvos Grade III, < 5% viable tumor) to 

preoperative chemotherapy.

Of the 28 patients who had an MRI of the primary tumor to assess tumor imaging response 

at week 5, 27 had SD and 1 had PD. Of the 30 patients who underwent an MRI at week 10, 

4 had PR, 25 had SD, and 1 was not evaluable because of a pathologic fracture that had 

developed on therapy. The association between histologic response and imaging response at 

week 10 approached but did not reach statistical significance (p = 0.0646).

The median duration of follow-up from the time of study enrollment was 4.8 years (range, 

1.7 years–7.0 years) for the 24 survivors. All survivors were seen or contacted within 18.4 

months from the time of analysis. Thirteen patients have experienced recurrence or 

progression of disease as a first event (1 local, 11 distant, and 1 local and distant); 6 of these 

patients died of disease. One additional patient developed a second malignancy (acute 

myeloid leukemia) and subsequently died. Six patients were removed from protocol therapy 

for reasons other than recurrence or progressive disease; three because the treating physician 

determined that it was in the best interest of the patient, one for non-adherence to protocol 

therapy (refused surgery at week 10), one because of family/patient request, and one due to 

development of second malignancy. The 4-year estimates for EFS and OS for all patients 

were 57.5%±10.0% and 83.4%±7.8%, respectively.

We assessed whether wound complications after definitive surgery resulted in delay in 

therapy and whether wound complications (minor, major or both) had an impact on EFS and 

OS. Using logistic regression analysis, any wound complication (major and minor) after 

surgery was significantly associated with longer time to complete therapy [median 274 days 

(range, 235– 331 days) with wound complications vs. median 240 days (range, 84–278 

days) without wound complication (P=0.0118)]. However, the development of wound 

complications after definitive surgery did not have a significant effect on EFS (P=0.11, 

hazard ratio=2.66). Hazard ratio for OS could not be determined because no deaths were 

observed in patients who developed wound complications. The 4-year EFS estimates for 

patients without and with wound complications were 47.6%±14.1% and 73.3%±12.0%, 

respectively (P=0.0964, log-rank test). The 4-year OS estimates for patients without and 

with wound complications were 69.6%±12.8% and 100%±0.0%, respectively (P=0.0042, 

log rank test).

Pharmacokinetics

Serial bevacizumab and methotrexate pharmacokinetic studies were performed in 20 

patients. A summary of the bevacizumab exposures and methotrexate clearance values by 

treatment week is provided in Table 4. Cumulative bevacizumab exposures at weeks 3 and 4 

were not significantly correlated with methotrexate CLt at weeks 3 and 4 (Figure 2A and 

2B). However, cumulative bevacizumab exposures at weeks 8 and 9 were negatively 

correlated with methotrexate CLt at weeks 8 (R2=0.38) and 9 (R2=0.46) (Figure 2C and 2D).
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DISCUSSION

This clinical trial investigated the feasibility and safety of bevacizumab in combination with 

standard MAP chemotherapy in newly diagnosed patients with localized, resectable high- 

grade osteosarcoma. The observed bevacizumab-related systemic toxicities were relatively 

mild in severity, but major and minor wound healing complications were seen in 

approximately half of the patients following definitive surgery and resulted in 

discontinuation or omission of 21% of the planned doses of bevacizumab. No grade 4 

hypertension, proteinuria, or bleeding, nor grade 3 or 4 thrombosis/embolism potentially 

related to the addition of bevacizumab were observed.

Wound healing is a complex process27 that includes a neovascularization phase similar to the 

one that supports tumor growth with VEGF and VEGF receptors as key regulators.28–30 

Issues related to wound healing have been a concern in patients receiving bevacizumab for 

several tumor types with variable recommendations for patients undergoing surgery.31–34 

However, the most prominent effect of bevacizumab on wound healing seems to occur when 

it is administered during or prior to surgery. This is the basis for the recommendation in the 

prescribing label of bevacizumab to discontinue bevacizumab at least 28 days prior to 

elective surgery and to resume bevacizumab at least 28 days post surgery, once the surgical 

wound is fully healed. A novel finding from the present study that we previously reported is 

that bevacizumab exposure (i.e., area under the concentration-time curve, AUC) prior to 

surgery was associated with increased risk of major wound healing complications after 

surgery.22

Our study is the first to explore the incidence of wound healing complications after limb 

salvage or amputation in patients receiving bevacizumab and chemotherapy. In planning the 

study, we realized that the CTC grading criteria were inadequate to properly define wound 

complications. Furthermore, the rate of wound complications in patients undergoing these 

procedures who are receiving chemotherapy alone is difficult to discern from the literature. 

Therefore, we established a comprehensive grading system and retrospectively applied this 

grading system to our preceding clinical trial (OS99).35 This allowed us to establish an 

estimate of an expected rate of wound healing complications for developing the stopping 

rules as outlined. The stopping rules were not met; however, there are limitations to this 

approach. First, the prevalence of wound healing complications in OS99 was determined 

retrospectively. Second, the chemotherapy regimen used in the OS99 trial (ifosfamide, 

doxorubicin, and carboplatin) was different from the MAP chemotherapy used in the present 

trial and could potentially affect the incidence of wound healing. Third, our stopping rules 

did not take into consideration the impact of delayed wound healing on the dose intensity of 

bevacizumab and ability to deliver chemotherapy on time. In our study, patients with wound 

healing complications had a longer time to complete therapy than those without wound 

complications; although, their outcomes were not significantly worse than those without 

wound complications. In fact, our data actually shows a trend toward a better outcome in 

patients with wound complications. This latter finding is intriguing but should be interpreted 

with caution due to the small number of patients.
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The addition of bevacizumab did not improve the percentage of patients with good 

histologic response to pre-operative chemotherapy, a strong predictor of outcome in 

osteosarcoma.7,36,37 The observed good histologic response (< 5% viable tumor) to two 

courses of MAP chemotherapy alone was 43% in the INT0133 study,7 vs. 27% to two 

courses of MAP with bevacizumab in our trial. Further, compared to outcomes reported for 

localized osteosarcoma, no apparent improvement in EFS or OS was observed with the 

addition of bevacizumab to MAP chemotherapy in our small cohort of patients.4,6,35 Other 

efforts to improve patient outcomes have been largely unsuccessful.7–9,38 It remains to be 

seen whether novel therapeutic approaches such as immunotherapy will be beneficial in this 

population.38

Consistent with prior reports, we found no significant correlation between 3D anatomic 

measurements of primary tumor on MRI and histologic response 39–41. This is because the 

extent of MR signal abnormality in the affected bone typically represents a combination of 

viable tumor, partially treated tumor, necrosis and bland edema. Furthermore the signal 

abnormality has irregular contours that cannot be accurately measured by simple 1D, 2D or 

3D measurements. This finding underscores the urgent need for more robust methods of 

assessing bone tumor response to neoadjuvant therapy. Metabolic imaging modalities such 

as dynamic enhanced MRI and positron emission tomography may provide more accurate 

measurements of tumor response.23

The primary mechanism of elimination of methotrexate is by the kidney. Because VEGF 

targeting agents may cause renal vascular endothelial dysfunction and glomerular epithelial 

cell dysregulation,42 we sought to investigate the effect of bevacizumab on renal clearance of 

methotrexate (CLt) by analyzing the effect of cumulative bevacizumab exposure effect on 

methotrexate pharmacokinetics. We found no correlation between bevacizumab cumulative 

exposures and methotrexate CLt at weeks 3 and 4 (Figures 2A and 2B). This suggests no 

immediate or acute effect of bevacizumab on methotrexate disposition since bevacizumab is 

given immediately prior to methotrexate on week 3. Moreover, since we did not observe an 

effect on week 4 methotrexate clearance, it is unlikely that a delayed effect will be observed 

after a dose of bevacizumab. However, after the third bevacizumab dose, the methotrexate 

clearances decreased in relation to the bevacizumab systemic exposure (Figures 2C and 2D). 

This suggests patients with greater overall bevacizumab exposures are at risk for lower 

methotrexate CLt. However, after the third dose of bevacizumab, our patients received 

additional doses of nephrotoxic chemotherapy (i.e, cisplatin), which has been previously 

shown to decrease methotrexate CLt.43 Therefore, the observed decrease in methotrexate 

CLt at weeks 8 and 9 may be attributed to a combination of factors including bevacizumab 

exposures suggesting additional care should be taken when administering bevacizumab in 

these clinical situations.

In summary, the addition of bevacizumab to MAP chemotherapy was tolerated with no 

additional toxicity except for frequent wound complications requiring debridement and 

primary or secondary wound closure. In addition, this combination did not appear to 

improve histologic response or outcome for patients with localized osteosarcoma. Although 

limited by the small number of patients, our findings do not suggest that further evaluation 

of bevacizumab in patients with osteosarcoma is warranted. Our study highlights that careful 
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monitoring of wound healing complications is needed when considering other 

antiangiogenic agents (e.g., tyrosine kinase inhibitors such as sorafenib44) for osteosarcoma 

treatment.
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AUC area under the curve

CLt systemic clearance

CR complete response

CTCAE common terminology criteria for adverse events

EFS event-free survival

Ke elimination rate constant

MAP methotrexate, doxorubicin, cisplatin

MRI magnetic resonance imaging

PD progressive disease
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Vc volume of distribution central compartment
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Appendix

Eligibility Criteria

Laboratory criteria for enrollment included an absolute neutrophil count (ANC) ≥ 1000/m3, 

a platelet count ≥ 100,000/m3, total bilirubin < 1.5 × upper limit of normal (ULN) for age, 
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PT/PTT ≤ 1.2 × ULN, GFR ≥ 70 ml/min/1.73 m2 or a normal serum creatinine for age, and 

urine protein less than 2+ or urine protein:creatinine ratio ≤ 1. Normal cardiac function by 

echocardiography or by radionuclide study, and good control of hypertension (if present) for 

at least 2 weeks were required for study entry. Female participants of childbearing age had 

to have a negative pregnancy test and not be breast-feeding. Exclusion criteria included 

osteosarcoma or MFH of bone as a second malignancy; a major surgical procedure or 

significant traumatic injury within 28 days of study entry; a history of deep venous or 

arterial thrombosis within 6 months of study entry; history of arterial thromboembolic 

events, myocardial infarction, severe or unstable angina, severe peripheral vascular disease, 

hypertensive crisis, or hypertensive encephalopathy; known bleeding diathesis, platelet 

disorder, thrombophilic condition, or coagulopathy; known hypersensitivity to Chinese 

hamster ovary cell products or other recombinant human antibodies; a serious non-healing 

wound, ulcer, or bone fracture (other than pathologic fracture); a history of abdominal 

fistula, gastrointestinal perforation or intra-abdominal abscess within 6 months prior to study 

entry; and known central nervous system disease.

Pretreatment, On-study and Follow-up Evaluations

Standard laboratory tests to assess toxicity, including complete blood counts, serum 

chemistries, and urinalysis, were obtained at baseline and at regular intervals during and 

after completion of therapy. Coagulation screening with PT, PTT, fibrinogen and D-dimer 

assay were obtained at baseline. Growth plates of patients without skeletal maturity were 

assessed with a radiograph of the unaffected knee at baseline, week 17, end of therapy, and 

yearly thereafter. An audiogram was obtained prior to each cycle of cisplatin and an 

ECHO/EKG prior to each cycle of doxorubicin. The initial staging workup comprised a 

magnetic resonance imaging (MRI) and plain radiographs of the primary tumor, technetium 

99 methylenediphosphonate bone scan, computed tomography (CT) of the chest, and 

[18F]fluorodeoxyglucose positron emission tomography CT. These studies were repeated at 

week 5 and week 10 (before definitive surgery) and without MRI at end of therapy. CT chest 

and radiographs of the primary site were obtained at week 22. After completion of therapy, 

the patients were monitored with CT chest, bone scan, and plain radiographs of the primary 

site for disease recurrence at protocol-specified time points for 5 years.

Appendix Table 1

Patient Characteristics and Outcome

Patient
Number

Gender/
Race

Age at
Diagnosis

(Years)

Primary
Site Surgery Type

Percent
Tumor

Necrosis

Category 
and

Grade 
Wound

Complication
after Surgery

Months 
from

diagnosis to
Relapse or

Other Event

Outcome,
mo. from
diagnosis

1 M/Mx 13.8 Tibia Limb Salvage 90 Minor 2 11.6, Relapse AWR, 84

2 M/W 10.8 Humerus Amputation >90 – 15.2, Relapse DOD, 54

3 F/B 6.8 Humerus Amputation 50 – 17.1, Relapse DOD, 34

4 M/B 14.4 Femur Limb Salvage 73 – – A, 82
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Patient
Number

Gender/
Race

Age at
Diagnosis

(Years)

Primary
Site Surgery Type

Percent
Tumor

Necrosis

Category 
and

Grade 
Wound

Complication
after Surgery

Months 
from

diagnosis to
Relapse or

Other Event

Outcome,
mo. from
diagnosis

5 M/W 10.9 Tibia Amputation >95 – – A, 77

6 F/B 8.2 Humerus Amputation 61 – 2.8, Event1 DOD, 17

7 F/W 14.2 Femur Limb Salvage >95 Minor 5 – A, 73

8 F/W 8.2 Femur Limb Salvage 90 Minor 5 – A, 69

9 M/B 10.6 Fibula Resection >99 Major 2 – A, 70

10 M/B 12.2 Femur Limb Salvage 92 Major 3 – A, 69

11 M/W 7.3 Femur Limb Salvage 85 – 50.2, Event2 DND, 65

12 F/W 14.3 Tibia Limb Salvage 96 Major 3 – A, 61

13 F/W 16.3 Tibia Limb Salvage >95 Minor 3 – A, 68

14 F/B 10.0 Femur NE 0 – 3.9, Event3 DOD, 27

15 M/W 15.1 Tibia Limb Salvage 50 – 3.8, Event1 A, 61

16 F/W 11.0 Femur Limb Salvage 70 – – A, 60

17 F/Mx 14.7 Femur Limb Salvage 65 – 22.6, relapse AWR, 61

18 F/W 12.2 Femur Limb Salvage 85 Minor 5 16.7, relapse AWR, 54

19 F/W 10.0 Tibia Amputation 95 Minor 2 – A, 51

20 F/B 12.8 Mandible Hemimandibulectomy 10 Minor 5 – A, 49

21 M/B 17.3 Tibia Limb Salvage 36 – 8.6, relapse DOD, 21

22 M/W 17.0 Femur Limb Salvage >96 – – A, 46

23 M/B 9.1 Femur Limb sparing 50 – 1.4, PD AWR, 41

24 M/W 15.7 Radius Amputation Ind Minor 4 – A, 40

25 F/B 14.2 Femur Limb Salvage >95 Major 2 25, relapse DOD, 51

26 F/B 11.1 Tibia Limb Salvage 90 Minor 3 – A, 46

27 M/W 20.2 Pelvis Amputation, Hemipelvectomy 10 Major 2 20, relapse AWR, 46

28 M/W 16.4 Femur Limb Salvage 75 – 21, relapse AWR, 58

29 M/W 13.6 Femur Limb Salvage 35 – 8.4, Event4 DOD, 37

30 M/W 9.6 Tibia Amputation >95 Major 2 – A, 57

31 F/U 17.4 Femur Limb Salvage 75 – 5.1, Event1 A, 20

Abbreviations: M, male; F, female; W, while; B, black; U, unknown; Mx, mixed; DOD, dead of disease; A, alive with no 
evidence of disease; AWR, Alive with relapse; DND, dead with no disease; Ind, indeterminate; PD, progressive disease.
1
Off therapy because physician determined best interest of patient

2
Off study for secondary malignancy (acute myelogenous leukemia)

3
Off therapy due to non-adherence to protocol

4
Off therapy per parent request
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Novelty and Impact

The outcome of patients with osteosarcoma has reached a plateau. Based on the rationale 

that the vascular endothelial growth factor (VEGF) is expressed in osteosarcoma and 

increased VEGF levels in patients is associated with a poor outcome, we added 

bevacizumab to standard osteosarcoma chemotherapy. Bevacizumab-related toxicities 

were relatively mild in severity; however, wound-healing complications were 

encountered frequently. Importantly, the addition of bevacizumab did not improve 

histologic tumor response or survival outcomes. The 4-year estimates for EFS and OS for 

this study for all patients were 57.5%±10.0% and 83.4%±7.8%, respectively. However, 

the study provides important data that informs future studies of antiangiogenic agents 

where an integral part of the treatment requires surgical resection of a primary bone 

tumor.
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Figure 1. 
Treatment schema. Abbreviations: A, doxorubicin (25 mg/m2/day continuous infusion over 

72 hours on days 1 through 3); P, cisplatin (60 mg/m2/day IV over 4 hours on day 1 and day 

2); M, methotrexate (12 grams/m2 IV over 4 hours on day 1 followed by leucovorin rescue); 

B, bevacizumab (15 mg/kg IV on day -3 with first dose, then on day 1 prior to chemotherapy 

with subsequent doses; initial dose administered over 90 min, and subsequently, if tolerated, 

over 60 minutes and then over 30 minutes); S, definitive surgery; , disease evaluation
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Figure 2. 
Methotrexate CLt vs. bevacizumab exposure (AUC) at (A) week 3, (B) week 4, (C) week 8, 

and (D) week 9. The solid line represents a linear regression and the R2 value is listed in the 

bottom left of each plot. There was no significant correlation between bevacizumab 

cumulative exposures and methotrexate CLt at weeks 3 (A) and 4 (B); however, at weeks 8 

(C) and 9 (D), there was a significant negative correlation between methotrexate CLt and 

bevacizumab systemic exposure.
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Table 1

Summary of characteristics of 31 patients with localized osteosarcoma enrolled on the study

Characteristic No. of Patients

Age at Study Enrollment (years)

 Median 12.8

 Range 6.8 – 20.3

Sex

 Female 15

 Male 16

Race

 White 17

 Black 11

 Other 2

 Unknown 1

Primary Tumor Site

 Femur 15

 Tibia 9

 Humerus 3

 Fibula 1

 Radius 1

 Pelvis 1

 Mandible 1
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Table 2

Grade 3 and 4 adverse eventsa possibly, probably and likely related to therapy observed in >1% of 462 cycles 

of chemotherapy cycles administered, excluding wound complications

Adverse Event

Grade 3 Grade 4

No. of Cycles (% of Total 
Cycles)

No. of Patients With 
Toxicity

No. of Cycles (% of Total 
Cycles)

No. of Patients With 
Toxicity

Hematologic

 Anemia 77 (20) 26 - -

 Leukopenia 70 (16) 25 34 (8) 17

 Neutropenia 66 (15) 24 106 (23) 30

 Thrombocytopenia 54 (13) 24 61 (15) 24

Metabolic

 Elevated AST 120 (29) 26 49 (11) 19

 Elevated ALT 123 (29) 29 63 (14) 20

 Hypokalemia 27 (7) 14 - -

 Hypophosphatemia 25 (6) 17 - -

 Elevated GGT 11 (2) 2 - -

 Hyponatremia 8 (2) 6 - -

 Hyperglycemia 7 (1) 6 - -

Constitutional

 Weight loss 8 (2) 3 - -

Gastrointestinal

 Vomiting 17 (4) 12 - -

 Anorexia 16 (3.5) 10 - -

 Mucositis/stomatitis 31 (7) 15 - -

 Nausea 13 (3) 7 - -

 Dehydration 5 (1) 5 - -

Infection

 Febrile neutropenia 35 (7) 20 - -

a
Adverse events grading according to the Common Terminology Criteria for Adverse Events (CTCAE) version 3.0

Abbreviations: AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-glutamyl transpeptidase.
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Table 3

Minor and major wound complicationsa following definitive surgery (limb sparing, amputation or 

hemimandibulectomy) among 29 patients

No. of Patients with Complicationb

Complication Severity All Surgery Types (29 
Patients)

Limb Sparing (20 Patients) Amputation (8 Patients) Other (1 Patientb)

Minor

Grade 1 - - - -

Grade 2 2 1 1 -

Grade 3 3 2 1 -

Grade 4 - - - -

Grade 5 4 3 - 1

All Grades 9 (31%) 6 (30%) 2 (25%) 1

Major

Grade 1 - - - -

Grade 2 6 4 2

Grade 3 - - - -

Grade 4 - - - -

All Grades 6 (21%) 4 (20%) 2 (25%) -

a
Highest grade per patient

b
Hemimandibulectomy
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Table 4

Summary of bevacizumab exposure (AUC) and methotrexate clearance (MTX CLt) by treatment week

Bevacizumab AUC (μg/mL*day) MTX CLt (mL/min/m2)

Week Median Range Median Range

3 2225 1586 – 4609 57.2 32.4 – 81.1

4 3821 2764 – 7601 53.7 34.9 – 84.8

8 9030 6274 – 15026 55.1 26.5 – 96.9

9 9550 6667 – 16330 50.4 34.0 – 87.1
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