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BACKGROUND: Metronomic chemotherapy (MC) consists of the administration of a low dose of chemotherapy on a daily or weekly
basis without a long break to achieve an antitumoral effect through an antiangiogenic effect or stimulation of the immune system.
The potential effect of MC with continuous oral cyclophosphamide and methotrexate in patients with high-grade operable osteosar-
comas (OSTs) of the extremities was investigated. METHODS: Patients with high-grade OSTs who were 30 years old or younger were
eligible for registration at diagnosis. Eligibility for randomization included 1) nonmetastatic disease and 2) complete resection of the
primary tumor. The study design included a backbone of 10 weeks of preoperative therapy with methotrexate, adriamycin, and plati-
num (MAP). After surgery, patients were randomized between 2 arms to complete 31 weeks of MAP or receive 73 weeks of MC after
MAP. The primary endpoint was event-free survival (EFS) from randomization. RESULTS: There were 422 nonmetastatic patients reg-
istered (May 2006 to July 2013) from 27 sites in 3 countries (Brazil, Argentina and Uruguay), and 296 were randomized to MAP plus
MC (n = 139) or MAP alone (n = 157). At 5 years, the EFS cumulative proportions surviving in the MAP-MC group and the MAP-alone
group were 61% (standard error [SE], 0.5%) and 64% (SE, 0.5%), respectively, and they were not statistically different (Wilcoxon
[Gehan] statistic = 0.724; P =.395). The multivariate analysis showed that necrosis grades 1 and 2, tumor size, and amputation were
associated with shorter EFS. CONCLUSIONS: According to the current follow-up, EFS with MAP plus MC is not statistically superior
to EFS with MAP alone in patients with high-grade, resectable OSTs of the extremities. Cancer 2017;123:1003-10. © 2016 American
Cancer Society.
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INTRODUCTION

Long-term survival for patients with localized osteosarcomas (OSTs) of the extremities has improved to approximately
70% because of the introduction of multiagent neoadjuvant chemotherapy followed by surgery and adjuvant chemothera-
py.' Large cooperative groups have successfully completed international clinical trials, and this has led to improved stan-
dardization for the treatment of OST.*” High-dose methotrexate, adriamycin, and cisplatin (MAP) make up the standard
backbone of chemotherapy in these trials. However, over the past 3 decades, efforts to move toward more effective chemo-
therapeutic regimens have failed to further improve patient outcomes.
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Figure 1. Treatment scheme. ¢ indicates oral cyclophosphamide (25 mg/m? daily after chemotherapy until week 104); C, intrave-
nous cisplatin (60 mg/m2 on days 1 and 2); d, intravenous dexrazoxane (375 mg/m2 on days 1 and 2); D, intravenous doxorubicin
(375 mg/m2 on days 1 and 2); m, oral methotrexate (1.5 mg/m2 twice daily twice per week after chemotherapy until week 104);

M, intravenous methotrexate (12 g/m2 on day 1.

In pediatric tumors such as OSTs, in situ tumor an-
giogenesis and the levels of circulating angiogenic factors
correlate with metastatic disease and a poor prognosisG;
therefore, low-dose metronomic chemotherapy (MC),
which can prevent tumor angiogenesis, represents an at-
tractive, inexpensive, and low—toxicity antiangiogenic strat-
egy.”” The implementation of MC as a maintenance
antiangiogenic therapy is very well established in acute
lymphoblastic leukemia'® and has been investigated in pe-
diatric cancer patients.''™”

The addition of a metronomic combination of vin-
blastine, celecoxib, and cyclophosphamide to standard
chemotherapy was recently reported in children with
newly diagnosed metastatic Ewing sarcoma.'” Although
there was increased toxicity in irradiated sites, there was
also increased event-free survival (EFS) for patients with
isolated pulmonary metastases in comparison with his-
torical controls. More recently, European and American
Osteosarcoma Study 1 (EURAMOS-1) investigated
whether the addition of a pegylated formulation of
interferon--2b (IFN-0-2b) maintenance therapy after
postoperative MAP could improve outcomes for patients
with OSTs and a good histologic response to preopera-
tive MAP. Results showed that MAP plus IFN-0-2b was
not statistically different from MAP alone.'®

New maintenance treatment regimens targeting
residual disease represent a promising opportunity for
improving the survival rate as recently demonstrated by
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the CAIRO3 trial in metastatic colorectal cancer.'’

The current trial was designed to examine whether the
addition of a low-dose regimen of scheduled antiangio-
genic chemotherapy to cyclophosphamide and metho-
trexate as maintenance therapy after postoperative
MAP would improve EEFS in patients with nonmeta-
static OSTs of the extremities. Cyclophosphamide and
methotrexate were selected as the metronomic agents
because of their availability, presumably low toxicity,
low cost, and preliminary data suggesting multitargeted
therapeutic effects.”

MATERIALS AND METHODS
Inclusion/Exclusion Criteria

Patients 30 years old or younger who were newly diag-
nosed with histologically confirmed high-grade OSTs
were eligible for registration. Patients could not have met-
astatic disease on a chest computed tomography scan or
radioisotope bone scan. For randomization, we excluded
patients with axial tumors; patients without a complete
macroscopic resection of the primary tumor; pregnant or
lactating patients; and patients with inadequate heart, re-
nal, or liver function. Participants and/or their legal
guardians, as appropriate, provided written informed con-
sent for the registration and random assignment. Regula-
tory and ethics approvals were obtained according to
national requirements.
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Figure 2. Consolidated Standards of Reporting Trials diagram. MAP indicates methotrexate, doxorubicin, and cisplatin; MC, met-

ronomic therapy (oral cyclophosphamide and methotrexate).

Trial Treatments and Procedures
Details of the treatment are given in Figure 1. It consisted
of induction with 2 MAP chemotherapy courses (5-week
cycles with doxorubicin [75 mg/mz], cisplatin [120 mg/
m?], and methotrexate [12 g/ m?)) during weeks 1-10) fol-
lowed by surgery of the primary in week 11 or 12. The in-
stitutional orthopedic surgeon, in collaboration with the
pediatric oncology team, chose the appropriate procedure
for each case. Limb salvage surgery was encouraged when-
ever possible with a variety of techniques, such as noncon-
ventional endoprosthesis, resection of expendable bones,
and plates and bone graft fixation (autograft or allograft).
After the primary tumor removal, a global assessment of
necrosis was made by the institutional pathologist with
the scoring system designed by Huvos et al.?!

Adriamycin and cisplatin were administered in
weeks 1 and 6, and methotrexate was administered in
weeks 4, 5, 9, and 10. After surgery, consenting patients
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were randomly assigned to complete 31 weeks of MAP
with cisplatin omitted in the last 2 cycles or to the same
regimen followed by 73 weeks of MC (continuous oral
low-dose chemotherapy with cyclophosphamide and
methotrexate; Fig. 1). Treatment allocation was per-
formed with permuted blocks of size 10.

Assessments

During the MAP treatment, clinical and toxicity assess-
ments were performed according to the Common Termi-
nology Criteria for Adverse Events (version 3.0). Patients
were assessed for local and distant recurrence at predefined
intervals by physical examination, computed tomography
of the chest, and radiography of the primary site. Radio-
graphically detected relapse was also imaged by computed
tomography, magnetic resonance imaging, and/or bone
scans and, if appropriate, was confirmed by histology.
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Statistical Design
The primary outcome measure was EFS, which was de-
fined as the time from random assignment until a first
event (recurrence, disease progression, secondary malig-
nancy, or death) or censoring at the last contact. The sec-
ondary outcome measures included overall survival (OS),
which was defined as the time from randomization until
death or last contact. To detect a 10% difference in 5-year
EFS with a 2-sided 5% significant level and 80% power, a
sample size of 156 patients was needed for each of the ran-
domization branches.

Two different paradigms for the estimation of the
MC impact were considered: 1) the traditional intention-
to-treat approach (hence, missing values were imputed*
via multiple imputation as recommended by Rubin
et al*’; 5 imputed data sets were created and pooled to
produce the estimates) and 2) the complier average causal
effect (CACE), which is defined as the treatment effect for
subjects who would comply regardless of the assigned
treatment. The main insight underlying CACE analysis is
that we can reach an unbiased estimate of the difference in
outcomes for compliers in the intervention group and
those who would have engaged with treatment in the con-
trol group.** A detailed description of CACE and its
assumptions can be found in the literatue.”> All the analy-
ses were performed in Mplus. The Kaplan-Meier method
was used to estimate survival functions, log-rank tests
were used for differences between survival curves, and
Cox models were used to estimate treatment effects, with
the suitability checked by tests for the proportionality of
hazards. The consistency of the treatment effect was exam-
ined with interaction tests () in subgroups defined post
hoc: age, sex, tumor size, histological response to preoper-
ative chemotherapy, and type of surgery. The median
follow-up was calculated with reverse censoring on death.

RESULTS

Patients

Between May 2006 and July 2013, 422 patients diag-
nosed with nonmetastatic OST from 27 institutions in 3
countries (Brazil, Argentina, and Uruguay) were recruited
for the study. The whole population of 422 patients was
used for describing demographic data. The male-to-
female ratio was 1.14, and the mean age at onset was 14
years with a range of 0 to 29 years. Conservative surgery
or amputation was performed for 362 patients, and the
histologic response was determined for 272 patients. The
proportion of good responders (necrosis grades 3 and 4)
was 39.7%, and the proportion of poor responders (ne-
crosis grades 1 and 2) was 60.3%. One hundred twenty-
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TABLE 1. Characteristics of the Randomly Assigned

Patients
MAP + MC MAP

Variable (n = 139) (n = 157)
Age (standard deviation), y 13.23 (4.61) 13.85 (4.10)
Tumor size (standard deviation), cm 10.76 (4.87) 11.06 (5.19)
Male sex, % 52.5 59.9
Surgery (amputation) 35.5 38.2
Primary tumor site, No.

Femur 77 95

Tibia 36 35

Humerus 12 18

Other 14 9

six patients were deemed ineligible: 16 because of an axial
location of the tumor, 53 because no local control was
reported (23 died before surgery, 12 were on treatment,
11 discontinued the treatment, 5 refused, and 2 had a
nonresectable tumor), and 57 because of no randomiza-
tion. Thus, 296 patients were eligible, with 139 patients
assigned to the MAP-MC group and 157 patients
assigned to the MAP-alone group (Fig. 2); the mean age
at enrollment was 14 years, and the mean time to diagno-
sis was 3.3 months. Table 1 shows the characteristics of
the randomly assigned patients.

Treatment

Surgery

Of the 296 patients, 36.8% (n = 109) had an amputation
(13 before chemotherapy), 50% (n = 148) had a noncon-
ventional endoprosthesis, 8.8% (n = 26) had plates plus
bone graft fixation (autograft or allograft), and 4.4% (n =
13) underwent a resection of expendable bones.

Postoperative MAP
In both treatment arms, MAP was delivered accordingly
to the schedule shown in Figure 1.

Maintenance therapy

Of the 139 patients randomly assigned to MAP plus MC,
35% (n = 49) did not start MC. The reported reasons
were as follows: no data yet available (31%; n = 15), OST
progression (24%; n = 12), toxicity (14%; n = 7), death
(10%; n = 5), MAP still being received at data collection
(8%; n = 4), treatment abandonment (6%; n = 3), refus-
al/patient choice (4%; n = 2), and loss to follow-up (2%;
n=1).

Efficacy

The mean EFS time was 51.58 months (standard error
[SE], 2.7 months; 95% confidence interval [CI], 46.27-
56.98 months) for the MAP-MC group and 58.81
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Figure 3. Kaplan-Meier estimates of (A) EFS and (B) OS in
the intent-to-treat population.

months (SE, 2.64 months; 95% CI, 53.63-63.99 months)
for the MAP-alone group. The mean OS time was 65.82
months (SE, 2.53 months; 95% CI, 60.85-70.79 months)
for the MAP-MC group and 66.16 months (SE, 2.268
months; 95% CI, 61.72-70.61 months) for the MAP-
alone group. Log-rank tests were performed to determine
whether the randomization allocation status influenced
EFS and OS. At 5 years, the EFS cumulative proportions
surviving in the MAP-MC group and the MAP-alone
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TABLE 2. Summary of the Cox Regression Model
for Overall Survival: Prognostic Factors

Covariate Standard Error P Hazard Ratio
Metronomic therapy 0.283 .957 0.985
Surgery type (amputation) 0.303 .010 217
Necrosis grade (Gl/Il) 0.477 .003 4.132
Tumor size 0.027 .039 1.055

TABLE 3. Summary of the Cox Regression Model
for Event-Free Survival: Prognostic Factors

Covariate Standard Error P Hazard Ratio
Metronomic therapy 0.231 .406 1.211
Surgery type (amputation) 0.229 .001 2.148
Necrosis grade (Gl/Il) 0.303 <.001 3.22
Tumor size 0.021 .007 1.059

TABLE 4. Cox Regression: Complier Average Caus-
al Effect Analysis

Estimate = Standard Hazard
Covariate B) Error P Ratio
Metronomic therapy —0.084 2.665 975 0.9194
Surgery type (amputation) 0.816 1.294 .528 2.26
Necrosis class (GI/Gll) 1.387 0.981 157 4.00
Tumor size 0.054 0.054 315 1.055

group were 61% (SE, 0.5%), and 64% (SE, 0.5%), re-
spectively, and they were not statistically different (Wil-
coxon [Gehan] statistic = 0.724; P = .395). The OS rate
was 76% (SE, 0.04%) for the MAP-MC group and 73%
(SE, 0.05%) for the MAP-alone group (Wilcoxon
[Gehan] statistic = 0.377; P = .539; Fig. 3B). In a uni-
variate analysis, the characteristics that were significantly
associated with OS and EFS were the tumor size, type of
surgery, and histological response. A multivariate analysis
of the independent prognostic factors demonstrated that
the grade of necrosis, the surgery type, and the tumor site
were also independently associated with OS and EFS. The
final model is presented in Tables 2 and 3.

An as-treated analysis was performed to take into ac-
count noncompliance (Table 4). Two Cox regression mod-
els were built: one for OS and another for EFS. For the
former, the same covariate structure obtained in the final
multivariate Cox regression was maintained; for the latter,
SEs were not able to be estimated because the model esti-
mation per se did not terminate normally on account of a
nonzero derivative of the observed data log likelihood.

The CACE results for OS under covariate metro-
nomic therapy showed a negative f value, which is
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associated with an increase in survival; however, this esti-
mate was statistically nonsignificant (HR, 0.919; P =
.975), so statistically there was an absence of evidence
showing that patients who were compliant with metro-
nomic therapy had longer survival than control-condition
individuals who could have complied if they had been
assigned to the intervention condition.

Mortality

There were 27 deaths (19%) reported for the MAP-MC
group. The causes of death were as follows: disease pro-
gression (81%; n = 22), regimen-related toxicity (11%; n
= 3), second malignant neoplasm (4%; n = 1), and un-
specified (4%; n = 1). For the MAP-alone group, 24
deaths (15%) were reported: 20 (83%) were due to disease
progression, and 4 (17%) were due to regimen-related
toxicity.

DISCUSSION
The low OS rate is a strong argument for international
collaboration and has led to the establishment of several
multi-institutional cooperative groups.”® According to a
search of the medical literature, this is the first randomized
clinical trial performed for patients diagnosed with OST
in Latin America.

Although OST survival rates were improved with
the use of this regimen in comparison with results previ-

ously reported by the group,4’27'29 according to the cur-

rent follow-up data, EFS with MAP plus MC is not
statistically superior to EFS with MAP alone in patients
with high-grade, resectable OSTs of the extremities.

This result must be considered cautiously because
35% of the patients randomized to maintenance therapy
did not start it, and another 10% stopped the treatment
for reasons other than tumor progression, toxicity, or
death. Anyway, the CACE approach was used to estimate
the true effect in the presence of noncompliance. Howev-
er, there was also an absence of evidence showing that
patients who were compliant with MC had longer survival
in comparison with potential compliers who could have
complied if they had been assigned to the MAP-MC
group. Compliance is a major concern when one consid-
ers cancer treatments and more specifically long-term
treatments. EURAMOS-1 also investigated whether the
addition of maintenance therapy with IFN-a-2b after
postoperative MAP could improve outcomes for patients
with OST. The results showed that MAP plus IFN-a-2b
was not statistically different from MAP alone, but the in-
terpretation is limited because one-quarter of the patients
who were allocated to IFN-o-2b never started it.'"® More
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generally, compliance is a major issue with MC because
patients have to take several pills a day. A recent survey has
shown that compliance is similarly a challenge for recent
targeted oral therapies. Strategies have to be developed to
improve patient compliance.”>" In other tumors, recent
reports have demonstrated its potential negative impact
on survival for children with acute lymphoblastic
leukemia.*?

The current EFS results do not support the routine
use of cyclophosphamide and methotrexate as metronom-
ic agents after standard chemotherapy for nonmetastatic
OST. However, our results should not preclude further
investigation into the potential of maintenance for
patients with OST. First, recent preclinical findings sug-
gest that MC may be more potent against metastatic dis-
case.”” This finding is consistent with the potential role of
metronomic maintenance in eradicating metastatic dis-
ease in the setting of leukemia or other adult or pediatric
solid tumors such as metastatic colorectal cancer.!”"1?*4
Therefore, adding metronomic maintenance for patients
with metastatic OST should be considered. Second, many
anticancer drugs can be used in a metronomic fashion, so
the combination tested here, though potent against meta-
static breast cancer,”® may not be optimal for nonmeta-
static OST. In addition, adding a targeted-like effect
through drug repositioning could allow more potent

treatment with the addition of, for instance, valproic acid
or f-blockers.>
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