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Abstract

Background.—The outcome of localized osteosarcoma has remained constant over the past 30
years. Histological response to preoperative chemotherapy is the best predictor of outcome.
Strategies to alter treatment based on histological response have not resulted in increased survival.

Procedure.—Patients with localized osteosarcoma received preoperative chemotherapy with
cisplatin, doxorubicin, and methotrexate. Patients whose tumors had a good histological response
(=90% necrosis) continued with the same treatment postoperatively. Patients with poor histological
response (<90% necrosis) received three courses of melphalan 100 mg/m? on day -4,
cyclophosphamide 2,000 mg/m? on days -3, and -2 followed by stem cell infusion.

Results.—Fifty-two patients were enrolled. Median age was 14 years, and 56% of patients were
male. The femur was the most common site. Forty patients underwent limb salvage surgery and
amputation was performed in six patients. Forty-eight percent of tumors showed good histological
response. Forty patients were evaluable for outcome; 18 patients with poor histologic response
received high-dose chemotherapy. The 5-year event-free survival (EFS) and overall survival (OS)
for patients treated on the high-dose chemotherapy arm were 28% (95% confidence interval [CI],
10-49) and 48% (95% ClI, 23-69), respectively. The 5-year EFS and OS for patients treated on the
standard chemotherapy arm were 62% (95% CI, 36—80) and 74% (95% CI, 44-90), respectively.
All patients who received high-dose chemotherapy developed grade 3 or higher hematological
toxicity. There were no treatment-related deaths.

Conclusions.—Postoperative alkylator intensification with high-dose cyclophosphamide and
melphalan in patients with localized osteosarcoma with poor histological response failed to
improve survival.
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With currently available treatment regimens, approximately 60—70% of patients with
nonmetastatic osteosarcoma of the extremity survive. The survival rate has remained
constant during the past 30 years as shown in studies performed in Europe and North
America.[1,2] The best predictor of outcome has been in vivo sensitivity, i.e., histologic
response to neoadjuvant chemotherapy as determined by the pathologic examination of the
resected tumor.[2,3] Approximately half of the patients with localized osteosarcoma have
poor histological response defined as <90% tumor necrosis.[4—6] The 5-year survival for
these patients is approximately 45%, and is almost 25% less than those with good
histological response.[2,7] Efforts to improve the proportion of patients with good histologic
response have not translated into better overall survival (OS).[8,9] Another approach is to
intensify postoperative chemotherapy in poor responders by adding other active agents to the
preoperative chemotherapy regimen consisting of high-dose methotrexate, doxorubicin, and
cisplatin (MAP).

Expression of the MDR1 gene product P-glycoprotein has been shown to correlate with
treatment failure in patients with osteosarcoma. In a study by Chan et al., patients whose
tumors had undetectable P-glycoprotein appeared to have a better histologic response to
preoperative chemotherapy, although this was not statistically significant (= 0.057).[10] In
a study by Baldini et al., both P-glycoprotein status and the extent of tumor necrosis after
preoperative chemotherapy were independent predictors of clinical outcome.[11] P-
glycoprotein mediates multidrug resistance to antimetabolites including doxorubicin.
Alkylating agents do not share the same efflux transport mechanisms mediated by P-
glycoprotein, and may be useful in patients with multidrug resistance. Alkylating agents
have a steep dose—response curve. Therefore, one strategy to improve outcomes for the
patients with poor histological response could be to use high doses of alkylating agents to
intensify treatment. Alkylating agents such as cyclophosphamide and ifosfamide have been
shown to be active in osteosarcoma both in newly diagnosed and recurrent settings.[3,12-15]

In this study, we hypothesized that postoperative dose intensification of alkylating agents in
patients with localized osteosarcoma who are poor responders will improve their outcome
compared to historical controls. Patients who had 90% or greater tumor necrosis were
designated as good responders and received therapy similar to the preoperative therapy.
Those who had less than 90% necrosis were designated as poor responders and received
high-dose chemotherapy with alkylating agents with peripheral blood stem cell support.
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Patient Eligibility

Treatment PI

Patients less than 26 years of age with newly diagnosed biopsy-proven localized high-grade
osteosarcoma were eligible to participate in the study. Organ function requirements were as
follows: peripheral blood absolute neutrophil count (ANC) = 1,500/, platelet count >
100,000/44, hemoglobin = 8 g/dl; total bilirubin < 2 mg/dl and alanine transaminase <5x
upper limit of normal for age: serum creatinine <1.5x upper limit of normal for age or a
glomerular filtration rate of =70 ml/min/1.73 m2; and normal cardiac function as determined
by echocardiogram. Patients with low-grade osteosarcoma, radiation-induced osteosarcoma,
osteosarcoma arising from premalignant conditions, and pregnant females were excluded
from the study. The research was approved by the institutional review boards of all
participating institutions. Written informed consent was obtained from patients prior to
enrollment. In case of minors, written informed consent was obtained from parents/legal
guardians.

an

The first six patients on this trial received three courses of preoperative chemotherapy
consisting of cisplatin (90 mg/m2/dose) administered intravenously over 6 hr, and
doxorubicin (75 mg/m2/dose) administered intravenously over 15 min on day 1 of a 3-week
course. Dexrazoxane (750 mg/m?2) was administered prior to doxorubicin infusion. All
subsequent patients received two courses of preoperative chemotherapy. Each course
consisted of cisplatin (60 mg/m2/dose), doxorubicin (37.5 mg/m?/dose) administered
intravenously on days 1 and 2 of week 1, and high-dose methotrexate (12 g/m?2) followed by
leucovorin rescue administered intravenously on day 1 of weeks 4 and 5. Dexrazoxane (375
mg/m?2) was administered intravenously prior to each doxorubicin infusion. Granulocyte
colony-stimulating factor (5 wg/kg) was administered subcutaneously once a day, starting 24
hr after the administration of cisplatin and doxorubicin and continued until the ANC was
>5,000//4.

Definitive surgery was planned 2 weeks after the end of preoperative chemotherapy.
Pathology was centrally reviewed to determine the percentage of necrosis. Patients with
>90% tumor necrosis went on to receive four more courses of chemotherapy identical to
preoperative chemotherapy. Cisplatin was not administered during the last two courses.
Patients with <90% tumor necrosis underwent collection of stem cells by bone marrow
harvest. They received three courses of high-dose chemotherapy consisting of melphalan
(100 mg/m2) on day -4 and cyclophosphamide (2,000 mg/m?) on days -3 and -2, and
followed by stem cell infusion on day 0. G-CSF (5 g/kg) was administered intravenously
once a day, starting 24 hr after the stem cell infusion until count recovery. Toxicities were
graded using common toxicology criteria v2.0. Patients who developed progressive disease
or toxicity requiring a change in treatment plan were removed from protocol therapy.
Patients who died or those who withdrew consent were considered off study.
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Following an interim analysis, the study was amended and the high-dose chemotherapy arm
was closed after 40 patients were enrolled. All subsequent patients were enrolled onto the
standard chemotherapy arm irrespective of tumor necrosis.

After the end of treatment, each patient was followed using physical examination, complete
blood count, computed tomography scan of the chest, nuclear medicine bone scintigraphy,
and radiographs of the primary site every 3 months for the first 2 years, then every 6 months
for 2 years, and yearly thereafter.

Statistical Analysis

RESULTS

The study was descriptive with planned comparison to historical data. Event-free survival
(EFS) was defined as the interval between the date of diagnosis and the date of progressive
disease/relapse or date of death. OS was defined as the interval between the date of
diagnosis and date of death or last follow up. Survival analysis was performed using
Kaplan—Meier method. All analyses were conducted using SAS 9.4 (SAS Institute Inc.,
Cary, NC).

Between March 1999 and October 2006, 52 patients with localized osteosarcoma were
enrolled at the four participating institutions (Fig. 1). Six patients were removed from
protocol therapy prior to surgery: three due to progressive disease and three due to
treatment-related toxicity. Six patients withdrew from study after surgery: four due to
patient/physician preference against high-dose chemotherapy, one transferred to other
institution, and another one was removed due to noncompliance with the treatment regimen.
The characteristics of enrolled patients are described in Table I.

Surgery and Tumor Response

Of the 46 patients who underwent definitive surgery, 40 patients underwent tumor resection
with limb salvage while six patients underwent amputation. Tumor necrosis information was
available on 45 patients; four tumors had 100% necrosis, 18 tumors had 90-99% necrosis,
17 tumors had 50-89% necrosis, and six had <50% necrosis. The first six patients on this
trial received preoperative chemotherapy without methotrexate. All of their tumors had
<90% necrosis. Subsequently, the study was amended to include methotrexate. The median
time interval between the last dose of preoperative chemotherapy and definitive surgery was
20 days (range 6-45 days).

Adjuvant Chemotherapy

Twenty-two patients received standard chemotherapy (including four with <90% necrosis
enrolled after interim analysis), whereas 18 patients with a poor histological response
received high-dose chemotherapy followed by stem cell rescue. Six patients in the high-dose
chemotherapy arm did not complete all three intended courses: two developed progressive
disease during treatment, two refused further therapy after two courses, one patient did not
have adequate stem cells for a third course, and one patient developed renal cell carcinoma.
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The median interval between definitive surgery and initiation of adjuvant chemotherapy was
27.5 days (range: 16-71 days) in the standard chemotherapy arm and 40.5 days (range: 29—
64 days) in the high-dose chemotherapy arm.

The toxicities observed during preoperative chemotherapy and standard chemotherapy arm
were as expected and comparable to those described in previous publications. Three patients
were removed from protocol therapy due to toxicity during preoperative chemotherapy: two
patients due to prolonged methotrexate clearance with kidney injury and mucositis one
patient due to central nervous system ischemia. All 18 patients who received high-dose
chemotherapy developed grade 4 neutropenia, grade 3/4 thrombocytopenia, and grade 3
anemia. In addition, six patients developed grade 3 infection, four patients had grade 3/4
mucositis, and one patient had grade 4 hemorrhagic cystitis. No treatment-related deaths
were observed.

An interim analysis performed following the treatment of the first 18 patients with less than
90% tumor necrosis showed a 2-year EFS of 41%. The objective was to show a 2-year EFS
of 75% compared to historical data of 55% by treating 48 patients with nonmetastatic
extremity disease who showed less than 90% necrosis following preoperative chemotherapy.
Based on statistical analysis, it was extremely unlikely that 31 additional patients could have
a high enough 2-year EFS to achieve the study objective. Therefore, all subsequent patients
with poor histological response were enrolled on the standard arm.

Of the 40 evaluable patients, after a median follow up of 39 months, 19 patients experienced
progressive disease or relapse. In six patients, the disease relapsed locally, nine patients had
isolated lung relapse, two patients developed distant bone relapse, and two patients
developed combined lung and bone relapse. In two patients, the first event was a second
malignancy; renal cell carcinoma, colorectal adenocarcinoma. All patient deaths were
attributable to osteosarcoma progression except in the patient with adenocarcinoma. The 5-
year EFS and OS for all 40 evaluable patients was 46% and 62%, respectively. The 5-year
EFS and OS for patients treated on the standard chemotherapy arm were 62% (95%
confidence interval [Cl], 36-80) and 74% (95% CIl, 44-90), respectively (Figs. 2 and 3). The
5-year EFS and OS for patients treated on the high-dose chemotherapy arm were 28% (95%
Cl, 10-49) and 48% (95% CI, 23-69), respectively.

DISCUSSION

Outcomes for patients with localized osteosarcoma have remained constant over the past 30
years. Identifying new and more effective chemotherapeutic agents may improve outcomes.
However, no new agents have been recently identified and the only active agents available
are high-dose methotrexate, cisplatin, doxorubicin, and alkylating agents (ifosfamide and
cyclophosphamide). Another avenue for further therapeutic advance is to tailor therapy
based on prognostic factors. Histological response to preoperative chemotherapy is
consistently shown to predict outcome across multiple clinical studies.[2,3] Most clinical
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trials report a good histological response rate of 45-50%.[4,6] The 5-year survival for
patients with good histological response is approximately 75-80% compared to 45%-50%
for those with poor histological response.[2,6]

Various groups have attempted to improve outcomes for patients with osteosarcoma by
either intensifying preoperative chemotherapy to increase good histological response or by
intensifying postoperative chemotherapy in patients with a poor histological response. An
increase in the proportion of patients achieving a good histological response does not
correlate with improved outcome. The Memorial Sloan-Kettering T12 protocol intensified
preoperative chemotherapy by administering high-dose methotrexate, cisplatin, doxorubicin,
bleomycin, cyclophosphamide, and dactinomycin.[8] The proportion of patients with good
histological response was higher in the experimental arm (44% vs. 37%), but there was no
significant difference in the EFS. The European Osteosarcoma Intergroup conducted a
randomized phase 11 trial comparing dose-dense cisplatin and doxorubicin administered
every 2 weeks with the same chemotherapy agents administered every 3 weeks. While the
proportion of those with good histological response was higher in the dose-intensified group
(50% vs. 36%), there was no difference in progression-free survival or OS.[9]
Approximately half of the patients in the current study had =290% tumor necrosis. This is
similar to the data reported from the EURAMOS-1 international trial.[4] The first six
patients in this study were treated without high-dose methotrexate, and all of them had
<90% tumor necrosis. This may have resulted from the omission of methotrexate. A meta-
analysis by Anninga et al. showed that better outcomes were achieved with clinical trials
using three active agents when compared to those using two agents.[16]

Intensification of postoperative chemotherapy for patients with poor histological response
has generally involved the addition of alkylating agent to the preoperative MAP regimen.
Cyclophosphamide was part of the earliest chemotherapy regimens used for osteosarcoma.
[3,17,18] It was used in combination with bleomycin and dactinomycin (BCD regimen). In
combination with etoposide, cyclophosphamide produced an 88% response rate in newly
diagnosed osteosarcoma.[12] The activity of ifosfamide in osteosarcoma was reported
initially in a recurrent setting.[14] Subsequently, the combination of high-dose ifosfamide
and etoposide showed 60% response rate in patients with newly diagnosed metastatic
osteosarcoma.[13] A regimen containing carboplatin, ifosfamide, and doxorubicin produced
similar outcomes to the MAP regimen in newly diagnosed patients with localized
osteosarcoma.[15]

Since ifosfamide and cyclophosphamide are considered equivalent in their clinical spectrum
and activity, and high-dose ifosfamide is associated with significant renal injury and
ototoxicity in patients previously exposed to cisplatin, we used cyclophosphamide in this
study. Melphalan, at lower doses (0.3 mg/kg), was part of initial chemotherapy regimens for
osteosarcoma.[19] The response rate to single-agent melphalan at lower dose was 15%.
Melphalan at doses greater than 65 mg/m?2 with bone marrow transplant support produced
higher response rates in solid tumors including sarcomas and neuroblastoma when compared
to melphalan at lower doses.[20] The combination of high—dose cyclophosphamide and
melphalan followed by autologous stem cell rescue was well tolerated in children with
refractory central nervous system malignancies.[21] This formed the basis of combining
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these agents. To reduce interference with the dose intensity of the alkylating agents, other
agents were not used in the adjuvant setting.

Though controversial, this approach of changing postoperative chemotherapy regimen in
poor responders has been utilized in the past in COSS-82 study.[22] Patients with poor
histological response who received high-dose methotrexate and BCD as preoperative therapy
received doxorubicin and cisplatin postoperatively. The 4-year EFS was 41% in this arm.
Patients with poor histological response who received MAP regimen as a part of initial
therapy received BCD and cisplatin/ifosfamide postoperatively. The 4-year EFS was 52%.
The lower outcome in preoperative BCD arm may be due to the development of resistance in
cells exposed to a lower intensity regimen. In contrast, in the current study, we used standard
agents at standard doses in the preoperative phase and in the postoperative phase used
alkylating agents at high dose intensity.

Other groups have investigated the addition of alkylators for poor responders to improve
outcome. Ferrari et al. added ifosfamide to standard MAP regimen in poor responders.[23]
The 5-year EFS of 50% was less than the EFS of 64% achieved in a previous trial with MAP
regimen conducted by the same group. The authors concluded that the reduction in
methotrexate dose or dose intensity, due to the addition of ifosfamide, was responsible for
the worse outcome. The Intergroup Study 0133 prospectively compared the addition of
ifosfamide to MAP regimen in the postoperative setting.[1] The 6-year EFS for patients
treated with or without ifosfamide was 64% and 63%, respectively, and the difference was
not statistically significant. The ISG/OS-1 study compared the addition of ifosfamide to the
standard MAP chemotherapy in 246 patients in the neoadjuvant setting.[5] The addition of
ifosfamide failed to increase the good response rate and resulted in increased hematological
toxicity. In the recently concluded EURAMOS-1 trial, the addition of ifosfamide and
etoposide to MAP regimen in patients with poor histological response failed to improve
outcome.[24] This study provides additional evidence for lack of improvement in outcome
with the addition of an alkylator in tumors with a poor histological response.

High-dose chemotherapy has been investigated in both preoperative and adjuvant settings.
High-dose ifosfamide with stem cell rescue was added to cisplatin and doxorubicin
preoperatively in 22 patients with localized osteosarcoma.[25] Eighty-two percent of
patients had at least 90% necrosis and 3-year EFS and OS were 70% and 83%, respectively.
Investigators from Italian and Scandinavian sarcoma groups added two courses of high-dose
chemotherapy with carboplatin and etoposide followed by stem cell rescue in patients with
metastatic osteosarcoma or localized pelvic primary.[26] This was associated with
significant toxicity with no improvement in survival when compared to standard three drug
regimens. The current study failed to demonstrate improvement in survival with high-dose
chemotherapy.

The EFS for poor responders in this study is lower than other studies in a similar setting.[27]
This may have resulted from several factors. There was a significant delay in starting
postoperative chemotherapy. Patients had to wait for histological response data prior to
treatment allotment. In the high-dose chemotherapy arm, there was an additional delay
caused by procurement of stem cells prior to postoperative chemotherapy. This caused
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delays in instituting postoperative chemotherapy for an extended period of time, which may
have affected the outcome. In addition, patients with poor histological response did not
receive postoperative MAP regimen, which has been shown to achieve approximately 50%
EFS in these patients. Although these outcomes are inferior to the outcomes achieved in
patients with good histological response, they are superior to the outcomes achieved without
adjuvant chemotherapy.

Our strategy was to intensify alkylating agent therapy. Toward our effort, we substituted a
preoperative regimen with high-dose cyclophosphamide and melphalan with autologous
stem cell support in the postoperative phase. Higher doses of melphalan with stem cell
support had shown improved response in other sarcomas and we extrapolated these results to
osteosarcoma. The outcome of the poor responders in this study was based on 18 patients,
but this strategy clearly resulted in a lower EFS for patients with poor histological response
when compared to all previous studies. We conclude that postoperative intensification with
alkylating agents failed to improve outcomes for patients with localized osteosarcoma with
poor histological response to neoadjuvant chemotherapy.
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Patient flow.
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Fig. 2.

Event-free survival by treatment regimen.
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Overall survival by treatment regimen.
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TABLE I.
Patient Characteristics
Total (n =52)

Age at DX (years) 14 (7, 22)
Gender, n (%)

Male 29 (56)

Female 23 (44)
Primary site (%)

Femur 27 (52)

Tibia 15 (29)

Humerus 6 (11)

Pelvis 1(2)

Other 3(6)
Surgery

Limb salvage 40

Amputation 6

Not performed 6
Necrosis grade, n (%)

Grade 1 (<50%) 6 (13)

Grade 2 (50-89%) 17 (38)

Grade 3 (90-99%) 18 (40)

Grade 4 (100%) 4(9)
Follow-up time (months) 38.5(23.6,71.2)
Median time interval between neoadjuvant chemotherapy and surgery (days) 20 (6, 45)
Median time interval between surgery and adjuvant chemotherapy (days) 38 (26.5, 43)
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