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background

 

Ewing’s sarcoma and primitive neuroectodermal tumor of bone are closely related, high-
ly malignant tumors of children, adolescents, and young adults. A new drug combina-
tion, ifosfamide and etoposide, was highly effective in patients with Ewing’s sarcoma
or primitive neuroectodermal tumor of bone who had a relapse after standard therapy.
We designed a study to test whether the addition of these drugs to a standard regimen
would improve the survival of patients with newly diagnosed disease.

 

methods

 

Patients 30 years old or younger with Ewing’s sarcoma, primitive neuroectodermal tu-
mor of bone, or primitive sarcoma of bone were eligible. The patients were randomly
assigned to receive 49 weeks of standard chemotherapy with doxorubicin, vincristine,
cyclophosphamide, and dactinomycin or experimental therapy with these four drugs
alternating with courses of ifosfamide and etoposide.

 

results

 

A total of 518 patients met the eligibility requirements. Of 120 patients with metastatic
disease, 62 were randomly assigned to the standard-therapy group and 58 to the exper-
imental-therapy group. There was no significant difference in five-year event-free sur-
vival between the treatment groups (P=0.81). Among the 398 patients with nonmeta-
static disease, the mean (

 

±

 

SE) five-year event-free survival among the 198 patients in
the experimental-therapy group was 69

 

±

 

3 percent, as compared with 54

 

±

 

4 percent
among the 200 patients in the standard-therapy group (P=0.005). Overall survival was
also significantly better among patients in the experimental-therapy group (72

 

±

 

3.4
percent vs. 61

 

±

 

3.6 percent in the standard-therapy group, P=0.01).

 

conclusions

 

The addition of ifosfamide and etoposide to a standard regimen does not affect the
outcome for patients with metastatic disease, but it significantly improves the out-
come for patients with nonmetastatic Ewing’s sarcoma, primitive neuroectodermal
tumor of bone, or primitive sarcoma of bone.
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wing’s sarcoma is a highly malig-

 

nant tumor of bone that occurs in children,
adolescents, and young adults. When treat-

ed with local control measures only (surgery or ra-
diation therapy), the disease has an extremely high
fatality rate.

 

1

 

 The use of adjuvant chemotherapy,
which began in the early 1970s, resulted in a marked
improvement in the outcome. Since the first Inter-
group Ewing’s Sarcoma Study demonstrated im-
proved outcomes with the inclusion of doxorubicin,
nearly every chemotherapy protocol for Ewing’s
sarcoma has been based on four drugs: doxorubi-
cin, cyclophosphamide, vincristine, and dactino-
mycin.

 

2-4

 

In the early 1980s, treatment with ifosfamide,
with or without etoposide, produced remarkable re-
sponses in patients who had had a relapse after
standard therapies for Ewing’s sarcoma.

 

5-9

 

 Of 72
patients treated with ifosfamide plus etoposide, 30
had complete or partial responses (combined data
from two separate trials).

 

8,9

 

 This promising result
led the Children’s Cancer Group and the Pediatric
Oncology Group to initiate a randomized, con-
trolled trial, in which we investigated whether the
combination of ifosfamide and etoposide, when al-
ternated with standard drugs, would improve the
outcome in Ewing’s sarcoma.

 

patients

 

National Cancer Institute protocol INT-0091 (CCG-
7881 and POG-8850) was opened to all member in-
stitutions of the Children’s Cancer Group and the
Pediatric Oncology Group in December 1988 and
closed in November 1992. Eligible patients were 30
years old or younger at diagnosis and had primary
bone tumors diagnosed as Ewing’s sarcoma, pe-
ripheral neuroectodermal tumors of bone, or prim-
itive sarcomas of bone. Patients with primitive neu-
roectodermal tumors were included because we
recognized that these tumors are a subgroup of Ew-
ing’s sarcoma, rather than a separate entity.

 

10

 

 Both
tumors typically contain the characteristic translo-
cation t(11;22) seen in Ewing’s sarcoma or another
of the closely related translocations,

 

11-13

 

 and these
tumors are now considered to be members of the
same family of neoplasms. Patients who had had
anticancer therapy other than surgery for diagnosis
were not eligible. For patients to remain eligible,
protocol chemotherapy had to start within one
month after the diagnostic biopsy. Patients or their

guardians gave written informed consent according
to institutional and National Cancer Institute guide-
lines, and the protocol was approved by the institu-
tional review boards at all participating centers.

 

study design

 

The patients were assigned randomly at study entry
to receive standard chemotherapy with doxorubi-
cin, vincristine, cyclophosphamide, and dactinomy-
cin or experimental therapy consisting of these four
drugs in alternation with courses of ifosfamide and
etoposide. The patients were stratified into groups
according to the presence or absence of metasta-
ses. This study was designed initially to include pa-
tients with or without metastatic disease at presen-
tation. Enrollment was higher than expected, and
at the first interim analysis the study committee de-
cided to restructure the protocol to allow assess-
ment of the effect of the addition of ifosfamide and
etoposide in patients who presented with nonmet-
astatic disease. Although this report will focus on
the results in patients who presented without evi-
dence of metastatic disease at diagnosis, the results
in patients presenting with metastases are also sum-
marized.

In both the standard and the experimental treat-
ment regimens, the planned courses of standard
therapy consisted of 2 mg of vincristine per square
meter of body-surface area (maximal dose, 2 mg),
doxorubicin given as a bolus infusion at a dose of
75 mg per square meter, and 1200 mg of cyclophos-
phamide per square meter, followed by mesna, giv-
en to prevent hemorrhagic cystitis caused by cyclo-
phosphamide. Dactinomycin at 1.25 mg per square
meter per dose was substituted for doxorubicin
when a total doxorubicin dose of 375 mg per square
meter was reached. For the ifosfamide and etopo-
side courses in the experimental-therapy group, we
planned to administer 1800 mg of ifosfamide per
square meter per day for five days, given with mesna,
and 100 mg of etoposide per square meter per day
over the same five days.

The courses of chemotherapy were administered
every three weeks for a total of 17 courses. The du-
ration of chemotherapy was planned to be 49 weeks.
Hematopoietic cytokines were not available at the
start of the protocol, but filgrastim and sargram-
ostim were approved during the course of the study
and were used at the discretion of the treating phy-
sicians. The use of cytokines was not included in
central data reporting.

Local control, planned to occur at week 12, con-

e

methods
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sisted of radiation therapy, surgery, or both. The
treating physicians decided which method of local
control to use in each case; the protocol allowed
surgery for tumors that were deemed resectable.
For patients who received radiotherapy alone, the
initial tumor volume (extent of soft-tissue and os-
seous tumor) with a 3-cm margin was treated with
4500 cGy. The treatment volume was then reduced
to the postchemotherapy, preradiotherapy tumor
extent, and an additional 1080 cGy was given, for a
total dose of 5580 cGy. A smaller margin was al-
lowed when it was necessary to avoid radiation to
the epiphysis. Patients who had residual tumor after
surgery also received radiation according to these
dose–volume guidelines for gross residual disease;
for microscopic residual disease, irradiation was
limited to 4500 cGy administered to the original
volume with a 1-cm margin. No supplemental ra-
diotherapy was administered to patients in whom
the primary tumor was completely resected with
clear margins.

 

statistical analysis

 

The study was initially designed to enroll between
380 and 400 patients. The primary end point for the
estimation of relative efficacy was event-free surviv-
al. The risk of adverse events was compared between
regimens by a log-rank test,

 

14

 

 which made it possi-
ble to detect a halving of the failure rate within two
years of follow-up after the last patient was entered,
with a probability of 0.80 in a two-sided test with a
significance level of 0.05. Enrollment during the
trial was approximately 50 percent greater than ex-
pected. The study was amended to allow the enroll-
ment of approximately 400 patients who had non-
metastatic disease at entry. This change provided
the study with similar power to detect a halving of
the failure rate within three years of follow-up in the
subgroup of patients without metastases in a two-
sided test at a level of significance of 0.05. The en-
rollment goals were amended without access to
results regarding the relative efficacy of the two reg-
imens. The revised power calculations were based
on planning parameters derived before the study
was begun. Data obtained through August 2000
were used in this analysis.

Event-free survival was defined as the time from
entry into the study until the occurrence of an ad-
verse event or until the last contact with the patient,
whichever came first. Adverse events included dis-
ease progression, the diagnosis of a second malig-
nant neoplasm, or death before the occurrence of
disease progression or a second malignant neo-

plasm. Disease progression was further subclas-
sified according to the site of recurrence as local
progression (at the primary site only), systemic pro-
gression (at a site other than the primary site), local
plus systemic progression (at the primary site and
another site), and progression at an unknown site
(insufficient data submitted to determine the site of
recurrence). The cumulative incidence of each type
of event for patients without metastases was calcu-
lated for each regimen and compared by the method
proposed by Gray.

 

15

 

Event-free survival was estimated by the method
of Kaplan and Meier.

 

14

 

 The log-rank statistic was
used to compare the risk of an adverse event be-
tween groups as defined by treatment or prognostic
factors.

 

14

 

 The patients’ randomized treatment as-
signments were used in all comparisons involving
regimens. The prognostic significance of various
characteristics of the patients that were measured
at study entry and the associated relative risk were
assessed in a proportional-hazards regression mod-
el in which the characteristic of interest was the only
component.

 

14

 

 Confidence intervals for relative risks
were derived from the proportional-hazards regres-
sion model. Interim monitoring was conducted af-
ter the second, third, and fourth years of the study.
A P value of less than 0.001 was used as the moni-
toring boundary for all interim analyses.

 

patient characteristics

 

Five hundred thirty patients were enrolled, of whom
525 had Ewing’s sarcoma or primitive neuroecto-
dermal tumor of bone and only 5 had primitive sar-
coma of bone. Nine patients were found to be inel-
igible because the diagnosis of Ewing’s sarcoma,
primitive neuroectodermal tumor of bone, or prim-
itive sarcoma of bone was not confirmed by central
pathological review. Three patients were found to
be ineligible because more than one month had
elapsed between diagnosis and study entry. Among
the remaining 518 patients, 120 (23 percent) had
metastases at diagnosis; 62 were assigned random-
ly to the standard-therapy group and 58 to the ex-
perimental-therapy group that received ifosfamide
and etoposide. Our analysis is based primarily on
the 398 patients with nonmetastatic Ewing’s sar-
coma, primitive neuroectodermal tumor of bone, or
primitive sarcoma of bone. Of these, 200 were ran-
domly assigned to the standard-therapy group, and
198 were assigned to the experimental-therapy
group that received ifosfamide and etoposide.

results
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The characteristics of the patients without me-
tastases are shown in Table 1. Fifty-seven percent
of the patients were male; 30 percent were younger
than 10 years at presentation, 57 percent were be-
tween the ages of 10 and 17 years, and 13 percent
were older than 17 years. The racial and ethnic dis-
tribution reflected the extreme rarity of Ewing’s sar-
coma and primitive neuroectodermal tumor of bone
among Asians and blacks. The distribution of pri-
mary sites of the tumor did not differ materially be-
tween groups (Table 1).

 

method of local control

 

The method of local control was determined among
patients without metastases. The data from 27 pa-
tients were insufficient for review. Of the remaining
371 patients, 145 (39 percent) were treated with ra-
diation only, 140 (38 percent) were treated with sur-
gery only, 84 (23 percent) were treated with both
radiation and surgery, and 2 (1 percent) received
neither treatment. These two had primary tumors
of the head and neck and refused radiation or sur-
gery. One subsequently had a local recurrence, and
the other had simultaneous local and systemic re-
lapse. The choice of local control therapy did not
differ between the randomized treatment groups
(Table 2).

 

outcome

 

Patients with Metastases

 

Among patients who had metastatic disease at di-
agnosis, the mean (

 

±

 

SE) five-year rate of event-free
survival among patients in the experimental-therapy
group was 22

 

±

 

5 percent, as compared with 22

 

±

 

6
percent among patients in the standard-therapy
group (Fig. 1). The relative risk of an event associ-
ated with the standard regimen was 1.1 (95 percent
confidence interval, 0.70 to 1.6; P=0.81). The over-
all five-year survival rate was also not significantly
different when patients in the experimental-therapy
group were compared with patients in the standard-
therapy group (34 percent vs. 35 percent; relative
risk of death with the standard regimen, 0.84; 95
percent confidence interval, 0.54 to 1.3; P=0.43).
All subsequent results in this report will be restricted
to patients with nonmetastatic disease at diagnosis.

 

Patients without Metastases

 

The five-year event-free survival rate among patients
in the experimental-therapy group was 69

 

±

 

3 per-
cent, as compared with 54

 

±

 

4 percent among pa-
tients in the standard-therapy group (Fig. 1). The

relative risk of an event associated with the standard
regimen was 1.6 (95 percent confidence interval,
1.1 to 2.1; P=0.005). The overall five-year survival
rate was also better among patients in the experi-
mental-therapy group (72

 

±

 

3.4 percent vs. 61

 

±

 

3.6
percent; relative risk of death with the standard reg-
imen, 1.6; 95 percent confidence interval, 1.1 to 2.2;
P=0.01).

At the time of analysis, 161 patients had had ad-
verse events: 92 in the standard-therapy group and
69 in the experimental-therapy group. The median

 

Table 1. Characteristics of 398 Patients 
without Metastases at Study Entry.

Characteristic
Standard
Therapy

Experimental
Therapy Total

 

number (percent)

 

Sex

Male 106 (53) 120 (61) 226 (57)

Female 94 (47) 78 (39) 172 (43)

Race or ethnic group

White 171 (86) 175 (88) 346 (87)

Black 4 (2) 3 (2) 7 (2)

Hispanic 20 (10) 17 (9) 37 (9)

Other 2 (1) 1 (1) 3 (1)

Not reported 3 (2) 2 (1) 5 (1)

Age

≤9 yr 63 (32) 58 (29) 121 (30)

10–17 yr 116 (58) 111 (56) 227 (57)

≥18 yr 21 (10) 29 (15) 50 (13)

Site of primary tumor

Head 14 (7) 9 (5) 23 (6)

Vertebrae 14 (7) 11 (6) 25 (6)

Total pelvis 50 (25) 43 (22) 93 (23)

Sacrum 11 (6) 5 (3) 16 (4)

Ilium 26 (13) 28 (14) 54 (14)

Ischium 6 (3) 5 (3) 11 (3)

Pubis 7 (4) 5 (3) 12 (3)

Rib 27 (14) 26 (13) 53 (13)

Clavicle 2 (1) 1 (1) 3 (1)

Scapula 6 (3) 7 (4) 13 (3)

Humerus 13 (6) 16 (8) 29 (7)

Lower arm or hand 4 (2) 9 (5) 13 (3)

Femur 38 (19) 35 (18) 73 (18)

Tibia 19 (10) 19 (10) 38 (10)

Fibula 10 (5) 14 (7) 24 (6)

Foot or ankle 3 (2) 8 (4) 11 (3)
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follow-up times for those who had not had adverse
events at the time of analysis were 98 and 97 months
for patients enrolled in the standard- and experi-
mental-therapy groups, respectively.

 

patterns of treatment failure

 

Twelve patients (five receiving standard therapy and
seven receiving experimental therapy) died from
toxic effects of the treatment. Second malignant
neoplasms developed in seven patients (three receiv-
ing standard therapy and four receiving experimen-
tal therapy). The second cancers included two cases
of acute myelogenous leukemia and one each of my-
elodysplastic syndrome, acute lymphoblastic leu-

kemia, malignant fibrous histiocytoma, osteosar-
coma, and ovarian tumor. The malignant fibrous
histiocytoma occurred in the radiation field of a pa-
tient with an initial primary tumor of the temporal
bone. The osteosarcoma occurred in the radiation
field of a patient with an initial tumor of the pelvis.
There were 142 relapses, which accounted for 88
percent of treatment failures. The pattern of treat-
ment failure according to treatment regimen is
shown in Table 3. The beneficial effect of the exper-
imental therapy was associated with a greater reduc-
tion in the rate of local recurrence than in the rate of
systemic recurrence.

 

toxic effects

 

Seven of the 12 deaths due to toxic effects were from
infections (1 in a patient receiving standard therapy
and 6 in patients receiving experimental therapy).
There were four deaths from cardiac toxic effects of
doxorubicin, all among patients receiving standard
therapy. One patient receiving experimental therapy
died of uncontrollable hemorrhage. Infectious-dis-
ease toxicity was greater in the experimental-therapy
group during the maintenance phase, as measured
by the incidence of serious infections or episodes of
fever and neutropenia (data not shown). Patients re-
ceiving experimental therapy spent more time in the
hospital (an estimated median of 86 days) than
those treated with standard therapy (estimated me-
dian, 49 days; P<0.001). This difference can be ex-
plained in part by the fact that in the patients receiv-
ing experimental therapy, ifosfamide and etoposide
were administered, for every other course of thera-
py, in the hospital over five days, whereas the cours-
es of doxorubicin, vincristine, cyclophosphamide,
and dactinomycin were administered in one day.
Patients receiving experimental therapy had more
red-cell transfusions, but there was no difference
between the groups in the number of platelet trans-
fusions.

The estimated median time to the completion of
therapy for patients who did not have adverse events
during treatment was 14 months for those receiving
standard therapy and 15 months for those receiving
experimental therapy. An additional 78 patients did
not receive the total planned protocol therapy be-
cause of deviations from the treatment plan.

 

prognostic factors

 

The factors associated with decreased event-free
survival were similar to those in previous studies of
Ewing’s sarcoma.

 

16-18

 

 Specifically, patients with

 

* Data on 27 patients were insufficient for review.

 

Table 2. Local Control Measures among Patients without Metastases, 
According to Study Group.*

Study Group
Surgery

Only
Radiation

Only
Surgery and

Radiation
No Local
Control

 

number of patients

 

Standard therapy 66 73 43 1

Experimental therapy 74 72 41 1

 

Figure 1. Event-free Survival According to Study Group and the Presence 
or Absence of Metastatic Disease.

Es
tim

at
ed

 P
ro

po
rt

io
n 

Ev
en

t-
fr

ee

Year

1.00

0.80

0.60

0.40

0.20

0.00
20 104 6 8

Nonmetastatic disease, experimental therapy
Nonmetastatic disease, standard therapy
Metastatic disease, experimental therapy
Metastatic disease, standard therapy

Copyright © 2003 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 10, 2009 . For personal use only. No other uses without permission. 



 

n engl j med 

 

348;8

 

www.nejm.org february 

 

20, 2003

 

ifosfamide and etoposide for ewing’s sarcoma

 

699

 

large tumors (with a maximal diameter of at least
8 cm) had a poorer outcome than those with smaller
tumors (five-year event-free survival, 55 percent vs.
75 percent; relative risk of an event in those with
large tumors, 2.1; 95 percent confidence interval,
1.4 to 3.1; P<0.001). The site of the tumor was cor-
related with the outcome. The rate of event-free sur-
vival at five years was 68 percent among patients
with tumors of the distal extremity, 61 percent
among patients with tumors of the proximal ex-
tremity, and 50 percent among those with primary
tumors of the pelvis (P=0.003). Younger patients
had a better outcome than older patients. The five-
year event-free survival was 70 percent for patients
under 10 years of age, 60 percent for those 10 to 17
years of age (relative risk of an event, as compared
with those under 10 years, 1.4), and 44 percent for
those 18 years old or older (relative risk as compared
with those under 10 years, 2.5; P=0.001). The sex of
the patient was not significantly related to event-free
survival: the five-year event-free survival was 59 per-
cent for male patients and 65 percent for female pa-
tients (relative risk of an event in female patients,
0.85; P=0.32).

The intensity of the dose of chemotherapy ad-
ministered did not appear to vary significantly ac-
cording to age (data not shown). Although patients
who were treated with surgery alone fared better
than those who received radiation therapy alone or

 

* P values were calculated by the method of Gray.

 

15

 

† The site of progression was not reported in five patients.

 

Table 3. Five-Year Cumulative Incidence of the Various Types of Events 
among Patients without Metastases, According to Study Group.

Type of Event
Standard 
Therapy

Experimental
Therapy P Value*

 

No. Rate No. Rate

Local progression 28 0.15 9 0.05 <0.001

Systemic progression 42 0.21 44 0.20 0.92

Local and systemic progression 10 0.05 4 0.02 0.10

Progression at an unknown site† 4 0.02 1 0.005 0.18

Death 5 0.02 7 0.03 0.56

Second malignant neoplasm 3 0.005 4 0.01 0.76

 

Figure 2. Event-free Survival According to Study Group and Tumor Site among Patients without Metastases.
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both surgery and radiotherapy, patients with small-
er tumors or tumors in accessible locations were
more likely to be treated with surgery.

The salutary effect of the experimental therapy
tended to decrease the adverse effect on outcome
usually associated with large size and pelvic location
of the primary tumor. The four event-free survival
curves in Figure 2 compare the outcomes in patients
with pelvic and nonpelvic primary tumors receiving
standard and experimental treatments. The benefit
of the addition of ifosfamide and etoposide was ob-
served in younger patients, but not in patients older
than 17 years (data not shown).

The addition of ifosfamide and etoposide to a
regimen that contained doxorubicin, vincristine,
dactinomycin, and cyclophosphamide improved
outcomes in patients with nonmetastatic Ewing’s
sarcoma, primitive neuroectodermal tumor of bone,
or sarcoma of bone. Subgroup analysis showed that
the improvement appeared to be greatest among
patients with large primary tumors or primary tu-
mors of the pelvis (overlapping groups). Older age
remained an adverse prognostic factor despite the
addition of ifosfamide and etoposide. One must be
careful to avoid overinterpretation of subgroup anal-
yses, because the study was not designed for robust
comparisons of subgroups.

In contrast to these results, the addition of ifos-
famide and etoposide to standard therapy did not
improve the outcome in patients who had metastat-
ic disease at diagnosis. The outcome in these pa-
tients remained poor with either treatment.

After this study began, several groups reported
outcomes in patients with sarcomas of the Ewing
family who were treated with ifosfamide.

 

19-24

 

 These
nonrandomized trials compared newer regimens
that included ifosfamide with treatment in histori-

cal controls. Some reported improved survival with
ifosfamide,

 

21,22

 

 and others found no effect.

 

16,20

 

 It
is impossible to determine whether the lack of im-
provement with ifosfamide in some of those trials
was due to the comparison with historical controls
or to differences between the study treatments and
the experimental therapy used in our study.

Etoposide combined with ifosfamide may ac-
count for some of the improvement in outcome in
the patients receiving experimental treatment in our
study. The rationale for this combination is that eto-
poside might potentiate the cytotoxicity of alkylat-
ing agents (such as ifosfamide) by inhibition of to-
poisomerase II and consequent impairment of the
DNA uncoiling that is necessary for the repair of al-
kylating-agent–induced DNA damage. Although
the study by the French Society of Pediatric Oncol-
ogy noted increased cardiac toxicity with the addi-
tion of ifosfamide,

 

16

 

 we were unable to identify an
increase in cardiac toxicity in patients assigned to
the experimental ifosfamide-containing regimen in
our study. In fact, all of the patients who died of car-
diac causes were in the standard-therapy group.

Controversy has arisen since our study began
about whether ifosfamide overcomes cellular resist-
ance to cyclophosphamide by acting as a separate
drug or whether the results can be explained entire-
ly by a dose effect.

 

24

 

 Our study was not designed to
answer this question, and we cannot exclude the
possibility that higher doses of cyclophosphamide,
perhaps administered with etoposide, might be
equally effective. However, a prospective trial would
need to show that the results of such an approach
would equal the marked improvement in event-free
survival that we found with the addition of ifosfa-
mide and etoposide to standard therapy.

 

We are indebted to the clinical research assistants, nurses, and
doctors who assisted with the research, and, most of all, to the pa-
tients and families who understood the importance of clinical trials
and participated in this study.

discussion
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