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SUMMARY
This multicentric randomized study was designed to test whether the
addition of ifosfamide and etoposide (VP 16) to a standardized
regimen would improve the survival of patients with newly diagnosed
Ewing sarcoma and peripheral neuroectodermal tumours (PNET) of
the bone. The participating centres were members of the Children’s
Cancer Group (CCG) and the Pediatric Oncology Group (POG). The
study was carried out between December 1988 and November 1992.
It included 518 patients who were <30 years of age at diagnosis and
who had not received any prior treatment. Patients were randomized
to receive standard chemotherapy with doxorubicin (75 mg/m2),
vincristine (2 mg/m2), cyclophosphamide (1200 mg/m2) and
dactinomycin (1.25 mg/m2), or experimental therapy consisting of
these 4 drugs alternating with courses of ifosfamide (1800 mg/m2 for
5 days with Mesna) and etoposide (100 mg/m2 for 5 days). Chemo-
therapy was administered every 3 weeks for a total of 17 courses over
49 weeks. The patient groups randomized to the two arms were
comparable with respect to age, sex, race, site of the primary tumour
and method of local control. This report focuses only on 398 patients
with non-metastatic disease at presentation. Local control was planned
at 12 weeks and consisted of radiation therapy, surgery or both.
Surgery was carried out for tumours deemed resectable. Patients with
a residual tumour postoperatively received an additional 4500 cGy of
radiotherapy to the original tumour volume. Those who did not
undergo surgery received 5580 cGy of radiotherapy. The primary end-
point for the estimation of relative efficacy was event-free survival
(EFS), which was estimated by the Kaplan–Meier method. The log-
rank test was used to compare the risk of an adverse event between
groups as defined by treatment or prognostic factors.

In patients with metastatic disease at presentation, the overall 5-
year survival was not significantly different from those in the experi-
mental and standard arms (34% v. 35%, p=0.81). Among the 398
patients with non-metastatic disease, the mean (SD) 5-year EFS rate for
the experimental group (n=198 patients) was 69% (3%), as compared
to 54% (4%) for the standard group (n=200; p=0.005). The overall
survival rates were also better in the experimental group (72% [3.4%]
v. 61% [3.6%]; p=0.01). There were 142 relapses, which accounted for
88% of treatment failures. Seventy-eight patients did not receive the
total planned protocol because of deviation from the treatment plan.
Seven of the 12 deaths due to toxic effects were from infections (1 in
the standard arm and 6 in the experimental arm). There were 4 deaths
due to the cardiotoxic effects of doxorubicin (all in the standard arm).
Patients with large tumours (>8 cm) had a poorer outcome than those
with smaller tumours (5-year EFS: 55% v. 75%; p<0.001). The site of
the tumour also correlated with the outcome; distal extremity tumours
had a better outcome than tumours of the proximal extremity and pelvis

Chemotherapy for peripheral neuroectodermal
tumours of the bone

(p=0.003). Younger patients (<10 years of age) did better than older
patients. The sex of the patient was not significantly related to EFS. The
benefit of addition of ifosfamide and etoposide was observed in patients
>17 years of age.

COMMENT
Ewing sarcoma of the bone is a highly malignant tumour that
occurs in children, adolescents and young adults. The Ewing
sarcoma family of tumours is derived from primitive, pluripotent,
neural crest cells and represents a spectrum from undifferentiated
to poorly differentiated Ewing sarcoma to differentiated PNET.
Although most patients have no clinical evidence of metastatic
disease at presentation, it must be assumed that the patient has
microscopic metastasis as Ewing sarcoma is a systemic disease.
During the past 25 years, the prognosis at presentation of non-
metastatic Ewing sarcoma of the bone has improved dramatically
from a long term survival of <15% to a 50%–60% cure rate.1,2 This
improvement is mainly due to the multimodal approach combin-
ing surgery and/or radiotherapy with systemic adjuvant or
neoadjuvant chemotherapy. The results in patients with meta-
static disease at presentation are less favourable (EFS at 5 years
25%–30%).3

Most protocols of systemic treatment consist of vincristine,
dactinomycin, cyclophosphamide and doxorubicin, either as 3-drug
or 4-drug regimens. To further improve the long term survival rates
in patients with Ewing sarcoma, there is a need to identify newer
treatment strategies such as additional combinations of drugs and
dose intensification. Initial phase II trials using ifosfamide and
etoposide demonstrated a high degree of activity in patients with
recurrent Ewing sarcoma. Non-randomized studies using historical
controls have reported conflicting results of the addition of ifosfamide
and etoposide to systemic chemotherapy.4,5 This randomized con-
trolled study investigated whether the combination of ifosfamide
and etoposide when alternated with standard drugs would improve
the outcome in patients with Ewing sarcoma.

Though the combination of drugs and methods used in the
study have been available for many years, the results are impor-
tant, as this is one of the first few randomized controlled trials to
have demonstrated a survival benefit using an additional combi-
nation of ifosfamide and etoposide. A long follow up (the study
was completed in November 1992 and published in January 2003)
and evaluation of side-effects over this period are the other
important positive points of this study.

The improved results in the present study could have been due
to the use of intensive induction chemotherapy in the experimental
arm, which resulted in a reduction in tumour size, thus making it
more amenable to local treatment—surgery and/or radiotherapy.
However, the authors have not reported on the clinical and
pathological response to induction chemotherapy. The degree of
tumour necrosis is an important prognostic indicator in bone
tumours. The presence of marked necrosis with few or no viable
cells (grade III) is associated with improved disease-free survival
compared to tumours with moderate (grade II) or no necrosis
(grade I). Bacci et al. reported a 5-year disease-free survival of
95% in patients with grade III tumour necrosis compared to 68%
for grade II and 34% for grade I.6 Similarly, in the French Society
of Pediatric Oncology (SFOP) study, good histological response
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was observed in 71% of patients and the relapse-free rate was
81%. All poor responders had a relapse.7

The site of primary tumour, location and age were found to be
important prognostic factors in the present study. Patients with
large tumours had a poorer outcome than those with smaller
tumours (5-year EFS 55% v. 74%). The 5-year EFS rate was 68%
for tumours of the distal and 61% for tumors of the proximal
extremities, and 50% for pelvic tumours. Younger patients had a
significantly better outcome with a 5-year EFS rate of 70% for
patients <10 years of age and 44% for those >18 years. These
prognostic factors associated with a decreased EFS were similar
to those in previous studies of Ewing sarcoma.1–5

Two sequential studies (REN II and I) from the Orthopedic
Institute, Rizzoli, have reported no survival benefit with the
addition of ifosfamide and etoposide. Although the REN study
and the present one show conflicting results, there are several
reasons for this. First, more cycles of ifosfamide and etoposide
were given in the present study as compared to the REN study (10
cycles v. 3 cycles). Second, in this study, ifosfamide and etoposide
were initiated from the start of the protocol as neoadjuvant
chemotherapy, whereas in REN II it was begun during main-
tenance. This may have affected the results of local control. Third,
the REN studies were sequential and used a historical control
group, whereas the present study is a randomized controlled trial.

The SFOP study noted increased cardiac toxicity with the
addition of ifosfamide.7 However, in this study, all the patients
who died of cardiac causes were in the standard arm. There was
no increase in cardiac toxicity in patients in the experimental arm
which contained ifosfamide. Infectious disease toxicity was greater
in the experimental arm.

In conclusion, this study has established a practical, well-
tolerated, beneficial treatment regimen using additional drugs. It
has shown that standard chemotherapy alternating with courses of

ifosfamide and etoposide significantly improves survival in pa-
tients with non-metastatic disease at the time of diagnosis, but not
in those with metastatic disease. With the 6-drug combination
described in this report, 70% of patients without metastases can
expect to live at least 5 years without a recurrence of this once
rapidly fatal disease. Improving these results further with better
local and systemic control but without increase in toxicity would
be future areas for research.
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