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A B S T R A C T

Purpose
The use of radiographic response as the primary end point in phase II osteosarcoma trials may limit
optimal detection of treatment response because of the calcified tumor matrix. We performed this
study to determine if time to progression could be used as an end point for subsequent studies.

Patients and Methods
We performed a retrospective analysis of outcome for patients with recurrent/refractory osteo-
sarcoma enrolled in one of seven phase II trials conducted by the Children’s Oncology Group and
predecessor groups from 1997 to 2007. All trials used RECIST or WHO radiographic response
criteria and the primary end point of response rate. The following potential prognostic factors—age,
trial, number of prior chemotherapy regimens, sex, and race/ethnicity—were evaluated for their
impact on event-free survival (EFS).We used data from a phase II study (AOST0221) of patients with
osteosarcoma who were given inhaled granulocyte-macrophage colony-stimulating factor with first
pulmonary recurrence who had an EFS as well as biologic end point to determine the historical
disease control rate for patients with fully resected disease.

Results
In each included trial, the drugs tested were determined to be inactive on the basis of radiographic
response rates. The EFS for 96 patients with osteosarcoma and measurable disease was 12% at
4months (95%CI, 6% to 19%). There was no significant difference in EFS across trials according to
number of prior treatment regimens or patient age, sex, and ethnicity. The 12-month EFS for the 42
evaluable patients enrolled in AOST0221 was 20% (95% CI, 10% to 34%).

Conclusion
The EFS was uniformly poor for children with recurrent/refractory osteosarcoma in these single-arm
phase II trials. We have now constructed baseline EFS outcomes that can be used as a comparison
for future phase II trials for recurrent osteosarcoma.

J Clin Oncol 34:3031-3038. © 2016 by American Society of Clinical Oncology

INTRODUCTION

Osteosarcoma is the most common primary ma-
lignant tumor of the bone and occurs primarily in
children, adolescents, and young adults. The most
recent major advance in the treatment of osteo-
sarcoma occurred in the 1980s, when multiagent
chemotherapy was demonstrated to improve overall
survival compared with surgery alone.1 The com-
bination of surgical resection and systemic che-
motherapy with doxorubicin, cisplatin, high-dose

methotrexate, and, in some regimens, ifosfamide,
is considered standard treatment of osteosarcoma.
With the exception of liposomal muramyl tripeptide
phosphatidyl ethanolamine (L-MTP-PE), which
is not approved for use in the United States,2,3

there have been no new chemotherapeutic, small-
molecule–targeted, or immunotherapeutic agents
found to be active in osteosarcoma. As a result,
there has been little improvement in the survival
of these patients in more than three decades.

This can be contrasted with the overall ag-
gregate improvement in outcome for all other
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pediatric cancers combined in the same time period; specif-
ically, the 5-year relative survival rate for children diagnosed
from 1975 to 1977 versus 2002 to 2008 increased from 58%
to 83%.4 An example of a similar malignancy for which there
has been an improvement in patient outcome is nonmetastatic
Ewing sarcoma.5,6

This begs the question: why have advances in osteosarcoma
lagged behind? Radiographic response as the primary end point in
osteosarcoma trials poses challenges for the identification of agents
that are active in the treatment of osteosarcoma.

RECISTwas developed in 20007 and has been used extensively
in clinical trials. However, it has significant limitations.8-10 A
particular problem with the evaluation of osteosarcoma response
to treatment by radiographic imaging is the tendency for this
tumor to stabilize or even increase in radiographically assessed size
because of mineralization of the stromal tissue with tumor ne-
crosis. Even if the tumor has few residual viable tumor cells after
treatment, it will still occupy substantial volume because of the
matrix produced by the malignant cells, which does not disappear
when the cells die. Hence, objective radiographic responses are rare
in osteosarcoma, even with proven complete necrosis in the tumor
after neoadjuvant chemotherapy in patients with newly diagnosed
disease. In addition, an increase in osteosarcoma tumor size often
does not consistently correlate with disease progression.11 Con-
sequently, the radiographic behavior of osteosarcoma may lead to
the inability to detect clinical activity of novel therapies in clinical
trials that use this as an end point.

Moreover, the standard clinical approach to recurrent oste-
osarcoma is to surgically resect disease whenever possible, because
this is proven to result in long-term survival for a small subset
of patients. Although rendering patients in surgical complete
remission is the only proven therapeutic strategy that affects
outcome in recurrent osteosarcoma,12-17 this approach makes
patients ineligible for trials that require measurable disease for
enrollment. This may represent a missed opportunity for the
evaluation of activity of novel agents in the context of minimal
residual disease.

The goal of this analysis was to use data from previous phase II
trials from the Children’s Oncology Group (COG) and its pre-
decessor groups (the Children’s Cancer Group and the Pediatric
Oncology Group) to establish a baseline of expected time for
disease progression in patients with relapsed osteosarcoma. We
plan to use these data to facilitate alternate designs for future phase
II trials, which we hope would avoid the aforementioned pitfalls,
and more accurately identify active agents for osteosarcoma.

PATIENTS AND METHODS

Patients
Seven phase II trials for children with refractory/recurrent solid

tumors with an osteosarcoma cohort conducted by the COG and its
predecessor groups from 1997 to 2007 that had final study reports
completed in July 2009, when this project was initiated, were in-
cluded in this analysis. Protocols were reviewed by institutional
review boards at participating institutions. Informed consent was
obtained from all patients or guardians in accordance with in-
stitutional policies and as approved by the US Department of Health
and Human Services.

The primary outcome measure for these trials was radiographic
response (WHO or RECIST). Three trials—ADVL0122 (imatinib),
ADVL0421 (oxaliplatin), and ADVL0524 (ixabepilone)—included time to
disease progression as one of the study’s aims. For all trials included in
this analysis, time to disease progression was collected prospectively.
All patients enrolled were observed for status, including all occurrences
of disease, as well as death, until loss to follow-up or a minimum of
5 years after enrollment (whichever occurred first). Table 1 lists the
study drug and dose, study primary end point, number of osteosar-
coma enrollees, and drug activity. Studies used either a two-stage or
three-stage design with null (uninteresting) response rates of either
5% or 10% and alternative (interesting) response rates of 25% or 30%.
The trials were designed so that the number of patients to be enrolled
would maintain a type I error rate of no more than 10% and a power
of at least 85%.

AOST0221 was a phase II study specific to first pulmonary re-
currence of osteosarcoma, which determined the effect of inhaled
granulocyte-macrophage colony-stimulating factor (GM-CSF) on disease-
free survival and assessed its immunomodulatory effect on pulmonary
lesions post treatment (Table 1). Inclusion criteria included patients
younger than 40 years old with suspected first isolated resectable (de-
fined as able to be removed without pneumonectomy) pulmonary re-
currence of osteosarcoma, no pleural effusion, at least one parenchymal
nodule, only one other prior treatment regimen, ability to undergo
complete surgical resection of pulmonary metastases, ability to per-
form inhalational therapy, and no evidence of pulmonary dysfunction
at baseline.

After two cycles of treatment, patients underwent thoracotomy to
have the tumor resected and to have pulmonary nodules analyzed for
the expression of Fas/Fas ligand and the presence of dendritic cells by
immunostains (CD1a, clusterin, and S100). Forty-two patients who
were disease free after two cycles of GM-CSF were considered in this
analysis. There was no detectable immunostimulatory effect in oste-
osarcoma pulmonary metastases.25

Statistical Methods
All patients enrolled in the studies noted in the Patients section,

including those unevaluable for the primary study end point, were in-
cluded in this retrospective analysis. The cutoff dates for data preparation
for each of the trials are identified in the primary publication for each
particular study.

Outcome definition. Event-free survival (EFS)—defined as time from
study enrollment until date of last contact, date of disease progression, or
detection of disease at a previously uninvolved site, or date of death— was
calculated for each patient. Patients who died or experienced disease
progression were considered to have experienced an EFS event; other-
wise, the patient was considered censored at the date of last follow-up.
EFS was a function of time, because study enrollment was estimated
according to the Kaplan-Meier method.26 Study records were reviewed to
determine the reason patients terminated protocol therapy. Patients who
stopped protocol therapy because of patient or family preference or
because of toxicity and who subsequently died without reporting the date
of disease recurrence were considered to have disease progression at the
time of death.

For patients who were not enrolled in AOST0221, potential prog-
nostic factors examined for their influences on risk of an EFS event in-
cluded study of enrollment, age group at enrollment (coded as# 9 years of
age v 10 to 17 years of age v $ 18 years of age), number of chemotherapy
regimens received prior to enrollment on the particular study (coded as 1 v
2 v $ 3), patient sex (coded as male v female), and patient race/ethnicity
(coded as white v black v other).

Statistical comparisons. The equality of risk for EFS event across
groups defined by the categories for each of the factors noted in the
Outcome definition section was assessed with the log-rank test.27 A
two-sided P value of .05 or less was considered evidence of a significant
difference in risk for EFS event across the categories considered.
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RESULTS

Patients
Ninety-six patients from A09713 (topotecan), ADVL0122

(imatinib), ADVL0421 (oxaliplatin), ADVL0524 (ixabepilone),
CCG-0962 (docetaxel), P9761 (irinotecan), and P9963 (rebecca-
mycin analog) were identified for inclusion in this data set.
Patient characteristics, such as age, gender, race/ethnicity, and
the number of prior chemotherapy regimens, are listed in
Table 2. Only one patient was enrolled in more than one trial
(enrolled first on CCG-0962 and then on A9713). Each en-
rollment was retained in the analysis and was considered an
independent observation for the purposes of the analytic
methodology.

One patient was removed from protocol therapy on the day
of enrollment and had no additional follow-up. Of the 96
patients included in the analysis, 83 experienced disease pro-
gression while receiving therapy on the particular protocol on
which the patient was being followed. Of the remaining 13 pa-
tients, 10 stopped protocol therapy because of patient or family
preference, or because of toxicity, and subsequently died (without
reporting the date of disease recurrence) at a median of 37.5 days
from the end of protocol therapy. These patients were consid-
ered to have an event for the purposes of this analysis on the day
of death.

EFS in Patients With Measurable Disease Enrolled in
Phase II Trials

Of the 95 patients with some follow-up for EFS, 93 experi-
enced an event. Two patients enrolled in ADVL0421 (oxaliplatin)
were reported as alive and without an EFS event at 8 and 46months

after enrollment. The EFS was 12% at 4 months, and the 95% CI
was 6% to 19% (Fig 1A).

Impact of Covariates on EFS With Measurable Disease
Enrolled in Phase II Trials

Patient characteristics such as age, sex, and ethnicity were not
significantly related to the risk of disease progression (Table 2).
There was no significant difference in the EFS across the different
studies (Fig 1B) and number of prior treatments (Fig 1C).

EFS in Patients With Completely Resected Disease
The intervention in AOST0221 (inhaled GM-CSF) was de-

termined to lack activity on the basis of the primary outcome
measure (biologic response). The 12-month EFS was 20%, with
a 95% CI of 10% to 34% (Fig 2).

DISCUSSION

By characterizing EFS from prior studies in which agents were not
considered efficacious according to conventional response criteria,
this analysis allows for the introduction of benchmarks that can be
used in the design of single-arm phase II trials that use EFS as an
end point in osteosarcoma. Introduction of alternative end points,
such as EFS or progression-free survival (PFS) in lieu of radio-
graphic response, has previously been proposed for other diseases,
such as metastatic melanoma.28 To date, however, osteosarcoma
phase II trials have used objective response rate (ORR) primarily
on the basis of RECIST criteria as the primary end point. The use of
ORR as an end point may be particularly problematical in oste-
osarcoma because of several unique aspects of this disease: (1)

Table 1. Summary of Responses of Patients With Osteosarcoma Enrolled in Seven Phase II Trials for Refractory/Recurrent Pediatric Solid Tumors and AOST0221
(phase II aerosolized GM-CSF)

Study
(years open)

Agent
(dose) End Point

No. of Enrolled Patients
With Osteosarcoma/
No. of Patients With
Evaluable Response

No. of Patients Who
Demonstrated

Response According to
Study Criteria

Activity According to
Study End Point

CCG096218

(1997-2001)
Docetaxel 125 mg/m2

every 21 days
Radiographic (WHO) 22/21 2 No activity

A0971319

(1999-2003)
Topotecan 0.3 mg/m2

continuous 21-day
infusion every 28-day
cycle

Radiographic (WHO) 11/11 0 No activity

P976120

(1999-2005)
Irinotecan 50 mg/m2 for
5 days every 21 days

Radiographic (WHO) 10/9 0 No activity

P996321

(2000-2004)
Rebeccamycin 650 mg/m2

every 21 days
Radiographic (RECIST) 17/16 0 No activity

ADVL012222

(2002-2004)
Imatinib 440 mg/m2/day
continuously

Radiographic (RECIST)* 12/10 0 No activity

ADVL042123

(2004-2006)
Oxaliplatin 130 mg/m2

every 21 days
Radiographic (RECIST)* 13/10 0 No activity

ADVL052424

(2006-2007)
Ixabepilone 8 mg/m2 once
per day for 5 days every
21 days

Radiographic (RECIST)* 11/10 0 No activity

AOST022125

(2004-2008)
Aerosolized GM-CSF
250 mg-1750 mg twice
per day on alternate
weeks

Biologic (expression of
Fas/Fas ligand and
presence of
dendritic cells)

43/42 12-month EFS, 20% No observed biologic
activity, no
improvement in
outcome

Abbreviation: EFS, event-free survival; GM-CSF, granulocyte-macrophage colony-stimulating factor.
*Studies that also evaluated time to progression.
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radiographic response may not be the outcome that optimally
reflects efficacy of an agent at the cellular level; (2) the standard
approach to isolated pulmonary recurrence is surgical resection,
which results in a significant number of patients with no radio-
graphically measurable disease by the time of study entry, (ie, ineligible
for enrollment); and (3) there is a realistic possibility of different drug
activity in microscopic versus gross residual disease. Therefore, it is
especially important in osteosarcoma that the COG and other clinical
trials cooperative groups pursue phase II trials of new therapies in
patients with recurrent and refractory osteosarcoma that have sta-
tistical design, eligibility criteria, and outcome measures that take
into account these unique aspects of osteosarcoma.

One possibility for future phase II trials in osteosarcoma is to
conduct a single-arm phase II trial that uses EFS as the primary end
point according to the historical benchmark derived from this
analysis (Figure 3). We have used this approach in ongoing or
recently completed COG trials (NCT02097238, NCT02470091,
and NCT02484443). For example, for each patient with mea-
surable, unresectable osteosarcoma, we would dichotomize EFS
according to whether EFS is# 4 months or. 4 months and define
these as disease control failure (DCF) and disease control success
(DCS), respectively. Because the statistical properties, including the
type I and type II error rates, of two-stage phase II designs29 are
well understood, the design shown in Table 3 can be used. If the
DCS probability is 20%, which is at the upper 95% confidence
bound for DCS probability for the historical population, the design
identifies the agent as not of interest for additional development
with a probability of 0.90. If the DCS probability is 40%, the design
identifies the agent as of interest for additional development with
a probability of 0.90.

We extended this approach to patients with completely
resected disease by focusing on the 12-month time point. In this
case, we dichotomized EFS according to whether EFS is #
12 months or . 12 months and defined these as 12-month DCF
(DCF12) and 12-month DCS (DCS12), respectively. A trial result
with a DCS12 probability of 30% was considered insufficient for
additional development, because 30% represents the largest
plausible value for DCS according to the 95%CI from the historical
benchmark derived from this analysis. The ongoing and recently
completed COG phase II trials have used this definition of DCS,
and have adjusted the definition of DCF and the trial design
parameters to fit the novel agent that is studied. As an example, the
ongoing COG trial of denosumab (NCT02470091) has a type I
error rate of 9% if the DCS12 probability is 30% and has a power of
90% for a DCS12 of 50%. The number of patients needed for this
study is 39.

COG has chosen to pursue single-arm phase II trials rather
than randomized phase II trials, despite the limitations of single-
arm phase II trials (discussed in the limitations paragraph here),
primarily because osteosarcoma is a rare disease, so the number
of patients available to enroll on clinical trials is limited. Nev-
ertheless, this historical benchmark could also be used in the
design of randomized phase II trials, in which patients are
randomly assigned to two or more experimental agents, and EFS
is compared between experimental arms and to a benchmark EFS
derived from this analysis. A possible limitation of a single-arm
phase II approach that uses a historical benchmark for EFS is
that changes in patient management over time can shift the
expected EFS above the historical benchmark. This is unlikely
in osteosarcoma because the standard of care of treatment for

Table 2. EFS and Patient Demographic and Clinical Characteristics in the Phase II Study

Characteristic No. of Patients

Events

EFS at 4 Months (%)None Relapse Death

All eligible patients 96 2 84 10 12
Study and drug
A09713 (topotecan) 11 0 11 0 *
ADVL0122 (imatinib) 12 0 8 4 *
ADVL0421 (oxaliplatin) 13 2 9 2 0.31
ADVL0524 (ixabepilone) 11 0 10 1 0.09
CCG0962 (docetaxel) 22 0 21 1 0.23
P9963 (rebeccamycin) 17 0 16 1 0.06
P9761 (irinotecan) 10 0 9 1 *

No. of prior treatment regimens
1 51 1 43 7 0.12
2 34 1 31 2 0.12
$ 3 10 0 9 1 0.10

Age, years
, 9 11 0 10 1 0.09
10-17 40 0 39 1 0.08
. 18 45 2 35 8 0.16

Sex
Male 62 2 4 6 0.13
Female 34 0 30 4 0.09

Race
White 58 1 49 8 0.10
Black 16 1 14 1 0.19
Other 22 0 21 1 0.09

Abbreviation: EFS, event-free survival.
*No patients were observed for follow-up at 4 months.
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newly diagnosed and recurrent disease has not changed in the
past three decades. In addition, there have been no new active
agents in osteosarcoma in the same era. Moreover, one of the
most important prognostic factors in recurrent osteosarcoma is
the ability to secure surgical remission.30,31 In this study, by
specifically analyzing the EFS of patients with completely
resected disease and of patients with gross disease separately, we
have addressed this issue.

There are several limitations to this analysis. The schedule for
routine evaluation of these trials varied across studies, although it
was usually between 21 and 28 days. Carroll32 demonstrated that
the schedule of patient evaluation can affect statistical estimation
when a significant proportion of events are detected at routine
screening.

Because of this, we elected to focus on the 4-month post-
enrollment time point, by which time 90% of events had been
identified. By focusing on the time point by which time 90% of
events had been identified, we avoided a significant effect on the
point estimate or its variance as a result of variations in follow-up
schedules.

We determined that the phase II trials included in our analysis
were of inactive agents on the basis of the primary end point for

these trials which was, in all cases, ORR. This could have resulted
in the inclusion of phase II trials of agents with some limited
degree of activity in the analysis. Specifically, trials in the data set,
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such as a trial with docetaxel that had two long-term survivors,
showed possible activity. Ten patients included in this analysis
stopped protocol therapy because of patient or physician pref-
erence or because of toxicity, and the date of progression was not
reported; therefore, the patient was considered to have disease
progression at the date of death. Inclusion of trials of active drugs
in our analysis and use of date of death for date of progression in
these 10 patients would have the effect of increasing the pro-
portion of patients who were event free at 4 months. Conse-
quently, an agent demonstrated to be active in a trial that uses EFS
as an end point compared with this historical benchmark might
be even more likely to demonstrate activity in future clinical
trials. Of note, the 12-month EFS for AOST0221 (inhaled GM-
CSF) is relevant to patients with recurrent osteosarcoma who
would have met the eligibility criteria for that trial. Given the
restrictive nature of the AOST0221 eligibility criteria, the
12-month EFS derived from this trial represents the best-case

scenario for completely resected recurrent osteosarcoma. If eli-
gibility criteria for a single-arm phase II trial were broader than
for AOST0221 and the trial used an EFS end point that compared
with the AOST0221 historical benchmark, then an agent that
resulted in a positive trial might be even more likely to dem-
onstrate activity in future clinical trials.

In this paper, we summarize the poor outcome of patients
enrolled in the osteosarcoma cohort of seven closed phase II
studies for refractory/recurrent solid tumors from COG and
its predecessor groups. This evaluation provides a baseline for
disease progression in a population of children and young adults
with recurrent/refractory osteosarcoma that can be used as
comparison for the design of future phase II trials in osteo-
sarcoma. We hope this method will permit rapid screening of
drug activity in patients with recurrent osteosarcoma. Active
agents will be tested in a randomized manner along with standard
of care chemotherapy.
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Fig 3. Future phase II osteosarcoma study design. EFS, event-free survival; GM-CSF, granulocyte-macrophage colony-stimulating factor.

Table 3. Single-Arm, Two-Stage, Phase II Trial Design for Patients With Measurable, Unresectable OsteosarcomaWith an Event-Free Survival End Point According to
the Historical Benchmark From This Analysis

Stage Cumulative No. Enrolled
Cumulative No. With

Disease Control $ 4 Months Decision

1 19 # 3 Terminate enrollment with the conclusion that
the agent is not efficacious

2 36 $ 4 Continue enrollment
# 10 Consider the agent ineffective
$ 11 Consider the agent of sufficient efficacy

for additional study
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