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Abstract
Background: The Oncological and functional outcome of patients suffering from nonmetastatic, non­
axial Ewing's sarcoma treated with chemotherapy and limb salvage surgery in two institutions are
reported.
Patients and Methods: A retrospective review of 32 patients with Ewing's sarcoma (ES) and
peripheral neuroectodermal tumor of the bone. All patients were nonmetastatic, non-axial at
diagnosis. They were treated at two institutions (Department of Clinical Oncology • Menufeya
University and Orthopedic Department - Cairo University) with the same chemotherapy regimen and
all had limb-salvage surgery betw.een march 1994 and end of april 2005. The median age at diagnosis
was 14.7 years; 15 patients were males and 17were females.
Results: At a median follow up of 36 months, patients had an overall survival of 60%. Local
recurrence was seen in 15.6%, whereas lung metastasis was seen in 31.25% of patients, both at a
median survival of 27 months. While univariate analysis showed that local recurrence and the
occurence of lung metastasis have an adverse effect on survival, multivariate analysis proved that
none of these factors have an independent significant impact on survival. Patients who suffered from
metastatic lung nodules had a much worse survival rate (29.6%) than those who did not(75.4%, p <
0.05). 68.7% of patients had a "Good" response to preoperative chemotherapy with an increase in
survival probability to 82.2%, while those having a "fair" response, or "progressive" disease had a
survival of 14.8% (P<0.001). The average functional outcome following limb salvage surgery and
chemotherapy was 70% (range 62-90%).
Conclusion: Overall survival of patients receiving chemotherapy followed by limb-salvage surgery
alone as local control is comparable to patients reported in literature treated by chemotherapy and
having surgery and/or radiation therapy as local control. Response to preoperative chemotherapy is a
powerful prognostic factor that had an impact on survival and this observation points out the
importance of further stratification of patients based on this response. Limb salvage surgery by itself
had no impact on incidence of local recurrence or systemic relapse, and gave a good functional
outcome.
Keywords: Ewing's sarcomafamily tumors, Limb salvage surgery, Chemotherapy.

Introduction:
The Ewing's sarcoma family of tumors (ESFT)
includes Ewing's sarcoma of bone, extraosseous
Ewing's sarcoma, peripheral neuroectodermal
tumor, Askin tumor and neuroepithelioma, all
known as the Ewing's sarcoma family of tumors
(ESFT). The identification non-random t (11; 22)
(q24; q12) chromosome rearrangement in these
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aggressive malignant tumors arising in bone and
soft tissue is evidence of their common
histogenesis (6).

The introduction of multimodal treatment,
including multiagent chemotherapy, more precise
radiation therapy, and more aggressive surgery has
led to substantial improvement in the prognosis of
these patients (5), with a diseasefree survival (DFS)
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of (60% -70%) for newly diagnosed patients with
localized disease (2).

Although more patients with Ewing's sarcoma of
bone (ESB) are being treated by surgery, the
relative role of surgery, radiotherapy or using them
both in the local control of this tumor has yet to be
determined. The outcome of ESFT may differ; as
patients with axial, large -sized tumors and
clinically detectable metastasis at diagnosis have a
much worse prognosis (24). This study reports the
outcome of a group of patients suffering from
nonmetastatic, non-axial Ewing's sarcoma or
peripheral neuroectodermal tumors treated with
chemotherapy and limb salvage surgery only.

Patients and Methods:
We carried out a retrospective review of 32 patients
diagnosed as EWing's sarcoma (ES) and PNET of
bone treated in two institutions in Egypt
(Department of Clinical Oncology -Menufeya
University and Department of Bone and
Orthopedic Surgery - Cairo University). This
review included all newly diagnosed patients
suffering from this tumor (non metastatic and non
axial) at both centers and treated with
chemotherapy and limb salvage surgery alone as
local control with no radiation therapy given locally.
The patients were treated at both centers during
the period between March 1994 and end of April
2005. The median age at diagnosis was 14.7 years
(Range, 6-32 years); 15 patients were males and 17
were females with 1: 1.13 sex ratio. The median
follow up was 36 months from surgery (range, 6­
120 Months). Only 9 patients (28.1%) were less
than or equal to 10 years of age at diagnosis while
23 patients (71.9%) were older than 10 years.
Primary tumors involved the femur in 21 patients
(65.6%), humerus in 7 patients (21.8%), and tibia
in 4 patients (12.5%). The diagnosis, according to
the histologic definition of Ewing family of tumors,
was Ewing sarcoma of bone in 29 cases (90.6%),
malignant peripheral primitive neuroectodermal
tumor (PNET) in 3 cases (9.4%).

Pretreatment Staging:
1. Computed tomography (CT) and/or
magnetic resonance imaging of the primary
site.
2. CT scan of the chest (and/or abdomen and
pelvis, where appropriate).
3. Technetium-99m bone scan.
4. Base line echocardiogram was performed as
well as a follow up one before each dose of
anthracycline.
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Initial patient evaluation included medical history,
physical examination, hematologic studies, and
several chemical laboratory tests, including serum
lactate dehydrogenase (LDH). Bone marrow
biopsy to determine presence of occult metastatic
disease was not performed routinely for all
patients. Tumor size was estimated by CT scan
measures of the lesion's three dimensions and
calculated accordingly.
The patients were assigned to receive standard
chemotherapy regimen which included
doxorubicin, vincristine, cyclophosphamide,
alternating with ifosfamide and etoposide, the
courses of therapy consisted of 1.5 mg of
vincristine per square meter of body-surface area
(maximal dose, 2 mg), doxorubicin given at a dose
of 25 mg per square meter per day for three
successive days as a bolus LV infusion, and 1200
mg of cyclophosphamide per square meter surface
area LV, followed by mesna to prevent hemorrhagic
cystitis caused by cyclophosphamide.
Dactinornycin at 1.5 mg per square meter per dose
was substituted for doxorubicin when the
cumulative doxorubicin dose reached 375 mg per
square meter. For the alternate ifosfamide and
etoposide course, 1800 mg of ifosfamide per
square meter per day was given as LV infusion for
five days with mesna, and 100 mg of etoposide per
square meter LVper day over the same fivedays.
The courses of chemotherapy were administered
every three weeks for a total of 17 courses .The
duration of chemotherapy was planned for 48
weeks. Hematopoietic cytokines were available at
the discretion of the treating physicians. Before
surgery, second evaluation studies were done, MRI
of the lesion site as well as CT chest and a bone
scan for all patients with a reported estimation of
degree of tumor size reduction by the radiologist.
Local control consisted of limb salvage surgery
alone with no radiation therapy given to tumor site
twelve weeks from the start of therapy.
Surgery consisted of resection with wide margins
and reconstruction of the resultant defect. The
method of reconstruction was chosen according to
the age of the patient, size of the defect and
amount of available muscles after resection.
Patients were evaluated functionally during their
follow up visits using the musculoskeletal tumor
society scoring system (34) (appendix 1). Regarding
the age, our patients were divided into 2 categories,
less than 10 years of age and more than 10 years of
age.
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StatisticalAnalysis:
Statistical analysis was performed usingSf'Sfl for
Windows version 11.0 (SPSS Inc., Chicago, IL;
USA). Association between outcome and some
clinico-demographic parameters were analyzed by
Fisher exact test. For survival analysis Cox
univariate, and multivariate regression models
were used to evaluate the Hazard Ratio (HR).
Confidence intervals for relative risks were derived
from the proportional-hazards regression model.
Kaplan-Meier survival analysis was used to
construct survival probability curves and log-rank
test used for comparing survival probability of two
groups. The level of significance was set as P-value
<0.05.The primary end point of our study was
disease-free survival.

Results:
At a median follow-up of 36 months (range 6-120
Month), 10 patients (31.3%) were dead, 3 patients
(9.4%) had disease progression, while 18 patients
(56.3%) had no evidence of disease, only one
patient had controlled stationary disease after
upgrading his chemotherapy. Overall survival was
60% for patients after limb-salvage surgery with
chemotherapy which continued for a total of 48
weeks from the start of therapy. Free or pedicled
vascularized fibular graft was used in 18 patients,
vascularized pedicled scapular crest in 2, modular
prosthesis in 5, rotationplasty in 6 and no
reconstruction (suspension) in one patient.
Local recurrence was seen in 5 patients (15.6%),
while lung metastasis was seen in 10 (31.25%).
Males had a slightly better survival probability
(0.66,95 % CI=0.38-0.94) than females (0.55,95
% CI=0.26-0.82) but this was statistically
insignificant. Although patients less than 10 years
old showed lower (0.58%, 95 % CI=O.l8-0.98)
survival probability than older children (0.61,95 %
CI=0.37-0.84), yet this difference was also not
statistically significant (P > 0.05). Patients who had
lung metastasis had a much lesser survival (0.29,
95 % CI=0.03-0.62) than those who did not have
any recurrence through their disease history (0.75,
95 % CI=0.53-0.97) at a median survival of 27
months (P =0.015).
Evaluation results of patients after preoperative
chemotherapy significantly correlated with
patients' survival. They were divided into 2
categories, those who had 50% or more reduction
in tumor size described as "Good" response had a
survival probability of (0.82, 95 % CI=0.64-1.0),
while those with poor response, stationary or
progressive disease had a much less survival

probability (0.15, 95 % CI=0.11-0.41) at 27
months median survival time. This finding was of
significance (p<O.OOI).
Patients had an average functional outcome of 70%
(range 62 - 90%) according to the musculoskeletal
tumor society scoring system (34). The scoring
evaluation of all our patients was done at follow up
clinics and a percent score was given to each
patient to evaluate functional outcome (see
appendix 1).

Thble (1). Different eharacterlsties of studied patients.

Character Number Percent

Age in years (X::SD)=
14.7+5.8 (Range 6-32)

<10 9 28.1%
>10 23 71.9%

Sex
Male 15 46.9%
Female 17 53.1%

ThmorSite
Femur 21 56.6%
Humerus 7 21.8%
Tibia 4 12.5%

Lung Metastasis
Positive 10 31.2%
Negative 22 68.8%

Evaluation of response after
Chemotherapy:
Good==More than 50%reduction in size of 22 68.8%

tumor
Fair==Less than 50% reduction in tumor 8 25.0%

size
Stationary Disease<No reduction in tumor 1 3.1%

size
Progressive Disease=Increase in tumor size 1 3.1%

Thble (2): Univariate and Multivariate Hazard Ratio (lLR) of all
Prognostie faetors in Studied patients.

Univariate 95%C.1 Multivariate 95% C.1
HP HR

Age (Year)
< 10 1.0

0.4-6.0 0.84 0.1-7.63
>10 1.5

Sex
Male 1.0

0.51-6.4 3.5 0.46-25.81
Female 1.8

Site of'IUmor
Around Knee 1.0

0.51-7.72 1.33 0.23-7.58
Other Sites 2.0

Lung Metastasis
Negative 1.0

1.17-15.0 0.91 0.06-12.42
Positive 4.2

Local Recurrence
Negative 1.0

1.63-20.63 4.45 0.63-31.3
Positive 5.8
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'Igble (3): Evalualion before Local colrwol in Relation to Outcome Fig (3) Kaplan-Meier survival curve of Ewingls sarcoma patients 
of Disease who had lung metastasis 

Outcome 

l?;edutb;vfer N=19 N=13 
diise/statio;l % 

chemotherapy 

Good Responders 82% 18 % - .7 '  I 

Fair/stationary/progressive 10% 90 % <0.001 . - ". 7 
'lbtal 19 59.3% 13 40.7% I 

7 

Fig (1) Overall survival of Ewing's sarcoma patients 

Duration of follow u p  (months) 

Fig (2): Kaplan - Meier survival curve of Ewing's sarcoma patients 
by local recurrence. 
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Local recurrence - - 
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Fig(4) Kaplan - Meier curve of patients' respome before surgery 
1.0 

Response - - 
Fairlstationary- 
progressive disease 

+ - 
Good 

0 . o j  + P <0.001 
0 20 40 60 10 100 120 I40 

Duration of follow u p  (months) 

Fig (5): Pie chart dividing patients according to response to 
presurgery neoadjuvant chemotherapy. 

OFair response 

PStationar disease 
Duration of follow u p  (months) 
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Appendix I; Musculoskeletal Tumor Society scoring System ""

Func~ional Evah,lation - lower extremities

Hospitalnumber:.. _.............
Name:....... _........ , .......
Date of evaluation: ....... _ , ......

Pain Functionalactivities Acceptance

5
No Pain No restriction Enthused (would
(Nomedicate] (nodisability) recommendto others)

4 Intermediate Intermediate Intermediate

Modest/Non/disabling Recreational Satisfied
3 (non-Narcotic analgestics) restriction (woulddo again)

(Minurdisability)

2 Intermediate Intermediate Intermediate

Moderate/Intermittently Partialoccupational Accepts
1 Disabling restriction (wouldrepeatreluctantly)

(Intermittent narcotics] (majordisability)

Severe/Continuously ThtalOccupational Dislikes
0 disabling restriction (W(lu!IJ not repeat)

(Continuouanarcotics) (completedisability)

Supports Walkiniahili!}' Gait

5 None (Nosupport) lJnlimited("mc es prccp) Normal (noalteration)

4
Intermediate Intermediate Intermediate
(occasional \ISe brace)

3 Brace Limited Minor cosmetic
(mostlylrarce] (Significantly less) (cosmetic alteration unly)

2 Intermediate Intermediate Intermediate

1 Once cane or crutch Inside only Majorcosmetic
(molltly cane/crutch] (cannot walkoutside) (m\norfunctio.nal def\\:.lt)

Tho canesor crutches Not independently Majorhandicap
0 (Always canesjcrutcbce) (canwalkonlywithaseiatance (majorfunctional deficit)

orwheelchairbound)

Discussion:
The advent of limb salvage surgery in the
treatment of primary malignant bone tumors has
renewed interest in the surgical treatment of
Ewing's sarcoma. ESFT is the second primary
bone malignancy in childhood. Its 5-year survival
has significantly increased from less than 10%
(during 1960's) to 60 - 70% [19,26,27] and lO-year
event-free survival is approximately 50% (2). The
successful treatment of patients with tumors of
the Ewing's family (EFTs) requires now the use of
multidrug chemotherapy, in addition to radiation
therapy and/or surgical therapy to the primary
t (17. I. IS) Th 1 f hi d humor . e resu ts 0 t IS stu Ys owed an
overall survival of 60% at a median follow up of 36
months for patients suffering from non-axial, non­
metastatic tumors treated with limb-salvage
surgery and chemotherapy only. This was
comparable to various studies using surgery
and/or radiation therapy, as some reported 5-years
survival of 53% while for others, a higher chance of

survival (68%) after first complete remission was
reported due to an earlier local control (4). An Italian
study reported the overall survival (OS) at real
follow-ups of 5-, 10-, 15- and 20-years to be 57.2,
49.3, 44.9 and 38.4%, respectively treated with
chemotherapy, surgery and/or radiation therapy (1).

This observation of comparable results in overall
survival.to.patients having both modalities surgery
and radiation therapy for their local control has led
us to think that this might be attributed to the use
of neoadjuvant chemotherapy and wide surgical
resection margins.
The choice of local therapy for the treatment of
Ewing's sarcoma of bone remains controversial (19).

Several retrospective studies have reported a
survival advantage with surgery over radiotherapy.
Wilkins et al (1986) (31) reported 5 years survival of
74% in patients receiving surgical resection versus
34% in patients treated by radiotherapy. Other
multi-center studies reported similar outcomes.
However none of these studies randomized the
selection of local therapy leading to the conclusion
that a selection bias may have influenced these
results.
Although Jereb et al (1986) (33) indicated that local
recurrence rate after limb salvage surgery is high
without postoperative radiotherapy ( > 50%), this
was not the case for patients in this study as local
recurrence occurred only in 5 patients (15.6%).
Limb salvage surgery in which resection margins
are wide offers the same oncologic safety as
amputation with the advantage of providing a
better functional outcome. It is believed that the
functional outcome after surgery may be inferior
to the function following radiotherapy. This was
not observed in the current study as the patients in
our series had an average functional outcome of
70% (range 62 - 90%) according to the
musculoskeletal tumor society scoring system (H),

while another study evaluating eighty-nine
survivors of ESFT treated at the National Cancer
Institute-USA between 1965 and 1992 showed a
significantly lower functional outcome measured
by Karnofskyindex (KI) (50-80) in comparison to
controls. The majority of these cases (89%)
received external beam irradiation for local tumor
control. Treatment-related variables that might
have affected functional status of subjects and the
effect of functional status on employment, health
care, and health-insurance coverage were also
addressed in that study (36).

On the other hand, radiation therapy isassociated
with various complications especially in skeletally
immature patients. Paulino (2004) (32) reported
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atrophy in 80%, bone growth abnormalities in
67%, fracture in 33%, limitation of movement in
13%, and secondary malignancy in 20%. He stated
that although most children treated with radiation
therapy for a pediatric extremity sarcoma have
minimal late toxicity by LENT-SOMA scale,
approximately half required a surgical procedure
to correct a late effect (32). The oncogenic potential
of radiotherapy is well-known, especially sarcomas
induced by radiation therapy for Ewing's sarcoma
(2S). These secondary tumors are classified as
sarcomas or malignant fibrohistiocytomas. Their
progression is fast with a very poor prognosis (28). In
the previous CESS 81 and CESS 86 studies,
radiation-induced second cancers were
cumulatively observed in up to 5% of patients
within 15 years (7). Other studies reporting the rate
of second malignancies to be 3% for 371 survivors
at 5 years, 6.5% for 219 survivors at 10 years, and
12.7% for 91 survivors at 20 years or more. The
authors found that the risk of secondary
malignancy is higher only after radiotherapy (28).

Multivariate analyses in an Italian study of 402
ESFT patients showed male gender, age older
than 14 years, high serum lactate dehydrogenase
(LDH) level, axial location of the tumor, use of
radiotherapy alone as a local treatment, and poor
histological response to chemotherapy, to be
independent, adverse prognostic factors for event­
free survival (EFS) (I).

Also the local failure after radiation therapy was
within the irradiated volume in 62% of patients,
outside the irradiated volume in 24% of cases,
while the precise location could not be determined
in the remaining 14% (35). While a higher survival of
86.9% was reported in an American study of 23
ESFT patients at a minimum of 5 years follow up
was attributed to wide surgical margins attempted
in all patients which reflects the role of surgical
procedure in local control (29). These findings drew
more attention to the efficacy of surgery for local
control for localized ESFT of bone. The ESMO
report (2005) stated that despite Ewing's sarcoma
being a radiosensitive tumor, surgery is the
preferred treatment for local control. A wide
surgical margin should be attempted, and
radiation therapy should only be given to patients
with marginal or intralesional surgery, or with
inoperable tumors. Radiation dose will depend on
tumor site (26).

In the current available international data, the
majority of patients were treated with radiation
therapy alone before 1982, while after 1982,
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surgery has been used more commonly, but still
not often enough to allow a direct comparison (30).

All our patients had successful primary limb­
salvage surgery with 15.6% having local
recurrence and no major surgical revisions. Early
complications were limited to the allograft
reconstruction and were either delayed union or an
allograft fracture. There was no infection reported
in those patients and no neurovascular
compromise.
It is our impression, supported bY' the study's
results, that non-axial Ewing's sarcoma of bone is
particularly suitable for surgical treatment. This
might be due to the fact that it frequently does not
involve the epiphyseal areas of the long bones and
that it, not uncommonly, occurs in expendable
bone.
Current standard chemotherapy protocol includes
vincristin, doxorubicin, and cyclophosphamide,
alternating with ifosfamide and etoposide (2). The
combination of ifosfamide and etoposide has
shown activity in Ewing's tumor of bone [15]. The
number of courses is 12-15 and total treatment
time 8-12 months. Treatment is divided into
induction chemotherapy (3-6 courses) followed by
local therapy and consolidation chemotherapy (8­
10courses) (26).

It was found in the early 90s that histologic
response to chemotherapy is a valuable prognostic
indicator for patients undergoing surgery (20). Since
then other studies reported that the response to
induction chemotherapy is a strong prognostic
factor and that event-free survival rate for "good
responders" was better (57%) than that for "bad
responders" (9%) [8,30]. The survival probability
of our patients who had "Good" response was (0.82,
95 % CI=0.64-1.0), while those with a poor
response, stationary or progressive disease had a
much less survival probability (0.15, 95 %
CI==0.11-0.41) with a 27 months median survival
time. This finding was statistically significant
(p<O.OOI). Multiple studies have shown that
patients with minimal or no residual tumor after
pre-surgical chemotherapy have a 'significantly
better event-free survival compared to patients
with larger amounts ofviable tumor (12,11,13), Massive
tumor necrosis after induction chemotherapy is a
very favorable sign (S.H), Using pathologic
evaluation after neoadjuvant chemotherapy (good
pathologic response if less than 10% of viable
cells) , the German Cooperative Group reported a
to-year event-free survival of 64% for good
responders dropping to 38% for poor responders
(P = 0.0007) (ll), while in the French EW 88 study,
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which used different histological criteria, disease­
free survival was 75% for good responders (less
than 5% viable tumor cells), 48% for intermediate
responders, and 20% for poor responders (> or
=30% viable tumor cells, P <0.0001) [13].
In another series of population, 5-year PFS
(Progression-free survival) was 71% in good
responders and 44% in poor responders (P =
0.012) (U).

The evaluation of patients in this study after
neoadjuvant chemotherapy was performed for all
of them, with a survival rate of (82.2%) for those
having a "Good" response [More than 50%
reduction in size of tumor after 5 cycles of
neoadjuvant chemotherapy], 94.7% of those
patients having no evidence of disease till last
follow up, while the survival rate dropped to less
than (14.8%) for those patients having a fair
response or progressive disease, with 69.2% of
them died or had advanced progressive disease
during their follow up. This was shown at a
median survival follow up of 27 months and it was
statistically significant (p<O.OOl). The
discrepancy between those two groups of patients
in their survival rates not only manifested the
importance of response to therapy and evaluation
before local control of tumor, but also more
importantly stressed the need for adopting a more
aggressive approach for those who showed poor
response to initial chemotherapy.
Univariate analysis of our data had shown
recurrence either local (HR 5.8, and 95% C.I 1.63­
20.63) or systemic (H.R 4.2, and 95% C.I 1.17-15)
and response to neoadjuvant chemotherapy (H.R
6.9 and 95% C.I 1.78-27.03) to have an impact on
survival (Table 4), although Multivariate analysis
failed to show that any of these variables had an
independent effect on survival. The response after
neoadjuvant therapy (whether regarding size
reduction measured radiologically or
histopathologic response with the percent degree
of necrosis) to survival, detected here and in other
studies, may point out the importance of
standardization of evaluation before local control
therapy, and as mentioned before, further
stratification of patients according to their
response to neoadjuvant chemotherapy is needed.
In the ESMO guidelines and therapy
recommendations (2005), there was no mention of
stratification of patients after evaluation before
local control therapy, but it stated that despite
Ewing's sarcoma being a radiosensitive tumor,
surgery is the preferred treatment for local control.
A wide surgical margin should be attempted, and

radiation therapy should be given to patients with
marginal or intralesionalsurgery, or with
inoperable tumors (Z6). This coincides also with the
current recommendations of the Intergroup
Ewing's Sarcoma Study (lESS) that no radiation
therapy should be recommended for those who
have no evidence of microscopic residual disease
following surgical resection (9). In this study we
report a local recurrence rate of 15.6% and
systemic relapse of 31.2% at a median follow up of
36 months which is also comparable to other
studies using both surgery and radiation therapy
for local tumor control.
An American study, evaluating recurrent ESFT
patients stated that local recurrence, either
isolated in (35%) or combined local and distant in
(17%) may have been due to the routine use of
radiotherapy alone for local control (especially
radiotherapy doses < 35 Gy), which also may have
contributed to the relatively high local failure in
earlier studies (ZI). Our results showed that 11
patients had relapsed (34.3%) after response to
initial therapy, 10 of them (31.3%) died of disease
progression or treatment consequences, 3 patients
(9.4%) had advanced disease progression, while 18
patients (56.3%) had no evidence of disease all
through their follow up. Males in this study
showed higher survival rates than females 65.8%
Vs 58.3% but this was statistically insignificant
(p>0.05), but there was astatistically significant
difference in survival outcome between patients
who developed lung metastatic lesions or those
having local recurrences (29.6%)' and other
patients who did not show any evidence of relapse
through their follow up time (75.4%) with
(P<O.05). Age, sex, site of tumor or type of
operation did not have any impact on survival. In
the present study, patients who did not respond to
first line therapy or relapsed on treatment did not
benefit much from upgrading chemotherapy.
Accordingly as agreed by other studies, even with
improved primary treatment for ESFT, recurrent
disease remains a significant clinical problem for
pediatric and medical oncologists (Zl).

In conclusion, we found that overall survival of
patients with localized, non axial. ESFT that
underwent limb-salvage surgery and received
neoadjuvant as well as adjuvant chemotherapy is
comparable with the use of chemotherapy, surgery
and/or radiation therapy; We believe that surgical
resection should be considered for all patients
with Ewing's sarcoma family tumors when the
surgeon can achieve awide resection margin. If it is
judged during preoperative staging that surgical
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resection would be associated with inadequate
margins, radiation therapy should be used either
alone or post surgery. Also this study showed that
the response to neoadjuvant chemotherapy was a
significant prognostic factor. We feel that patients
must be evaluated histologically as well as
radiologically before local control and to further
stratify patients into two groups according to their
response. This is based on an observation of a
statistically significant difference, of survival
between patients with good response (>50%
reduction in size of tumor mass) who achieved
more than 82.2 % and those who had fair response,
or progressive disease survival reached (14.81%)
with p value <0.001. The patients in this study
reported a good comparable functional outcome of
average 70% after limb-salvage surgery and
chemotherapy.

References:
1- Bacci G, Ferrari S, Longhi A, et al: Role of surgery

in local treatment of Ewing's sarcoma of the
extremities in patients undergoing adjuvant and
neoadjuvant chemotherapy. Oncol Rep.; 2004;
11(1):11l.

2- Grier H, Krailo M, Tarbell NJ, et al: Addition of
ifosfamide and etoposide to standard
chemotherapy for Ewing's sarcoma and primitive
neuroectodermal tumor of bone. N Engl J Med;
2003; 348:694.

3- Bacci G, Ferrari S, Bertoni F, ct al. Prognostic
factors in nonmetastatic Ewing's sarcoma of bone
treated with adjuvant chemotherapy: analysis of
359 patients at the Istituto Ortopedico Rizzoli. J
Clin Oncol; 2000; 18:4.

4- Delepine G., Delcpine N, DelcpineF, et al:
Prognostic value of timing of surgery in localized
Ewing's sarcoma of bone. British Editorial Society
of Bone and Joint Surgery; 2002; 84-B
Supplement II: 119.

5- Grier HE: The Ewing family of tumors: Ewing's
sarcoma and primitive neuroectodermal tumors.
Pediatric Clin NorthAm; 1997; 44:99l.

6- Ginsberg JP, Woo SY, Johnson ME, ct al. Ewing's
sarcoma of bone and soft tissue and the peripheral
primitive neuroectodermal tumors. In: Pizzo PA,
Poplack D (eds.) Principles and Practices of
Pediatric Oncology. Philadelphia: Lippincott
Raven; 2002; 973.

7- Dunst J, Ahrens S, Paulusscn M, et al. Second
malignancies after treatment for Ewing's
sarcoma: a report of the CESS-studies. Int J
Radiat Oncol Bioi Phys.; 1998; 42:379.

8- Oberlin 0, Patte C, Demeoeq F, et al: The
response to initial chemotherapy as a prognostic
factor in localized Ewing's sarcoma. Eur J Cancer
Clin Oncol; 1985; 21:463.

55

9- Raney RE, Asrnar L, Newton WAJr, et al.: Ewing's
sarcoma of soft tissues in childhood: a report from
the Intergroup Rhabdomyosarcoma Study, 1972 to
1991.J Clin Oneol ;1997; 15 (2): 574.

10- Donaldson SS, 'Ibrrey M, Link MP, et al.: A
multidisciplinarystudy investigating radiotherapy
in Ewing's sarcoma: end results of POG
#8346.Pediatric Oncology Group. Int J Radiat
Oncol BiolPhys; 1998; 42 (1): 125.

11- Paulussen M, Ahrens S, Dunst J, ct al.: Localized
Ewing tumor of bone: final results of the
cooperative Ewing's Sarcoma Study CESS 86. J
Clin Oncol; 2001; 19 (6): 1818.

12- Rosito P, Mancini AF, Rondelli R, et al.: Italian
Cooperative Study for the treatment of children
and young adults with localized Ewing sarcoma of
bone: a preliminary report of 6 years of
experience.Cancer; 1999; 86 (3): 42i.

13- Oberlin 0, Deley MC, Bui BN, et al.: Prognostic
factors in localized Ewing's tumors and peripheral
neuroectodermal tumors: the third study of the
French Society of Pediatric Oncology (EW88
study).BrJ Cancer;2001; 85(11): 1646.

14- Dyke JP,Panicek DM, HealeyJB, et al.: Osteogenic
and Ewing sarcomas: estimation of necrotic
fraction during induction chemotherapy with
dynamic contrast-enhanced MR imaging.
Radiology; 2003; 228 (1): 27l.

15- Craft A, Cotterill S, Malcolm A, et al.: Ifosfamide­
containing chemotherapy in Ewing's sarcoma:
The Second United Kingdom Children's Cancer
Study Group and the Medical Research Council
Ewing's Tumor Study. J Clin Oncol ;1998; 16 (11):
3628.

16- Shankar AG, Pinkerton CR, Atra A, et al.: Local
therapy and other factors influencing site of
relapse in patients with localised Ewing's
sarcoma. United Kingdom Children's Cancer
Study Group (UKCCSG). EurJ Ca-ncer; 1999; 35
(12): 1698.

17- Dunst J, Schuck A: Role of radiotherapy in Ewing
tumors. Pediatr Blood Cancer ;2004; 42 (5): 465.
18-Donaldson SS: Ewing sarcoma: radiation dose
and target volume. Pediatr Blood Cancer; 2004; 42
(5): 471. 19- Bacci G, Mercuri M, and Longhi A, et
al.: Neoadjuvant chemotherapy for Ewing's
tumour of bone: recent experience at the Rizzoli
Orthopedic Institute. EurJ Cancer; 2002; 38 (17):
2243.

20- Picci P, Rougraff BT, Bacci G, et al.: Prognostic
significance of histopathologic response to
chemotherapy in nonrnetastatic Ewing's sarcoma
of the extremities. Journal of Clinical
Oncology; 1993; 11(9): 1763. '

21- Barker, L M.; Pendergrass, T W; Sanders, J E.; et
al: Survival after Recurrence of Ewing's Sarcoma
Family of 'Tumors. Journal of Clinical Oncology;
2005; 23(19): 4354. 22-Laurence, V; Pierga, J-Y;
Barthier, S; et al: Long-Term Follow Up of High-

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle



56

Dose Chemotherapy with Autologous Stem Cell
Rescue in Adults with Ewing Tumor. American
Journal of clinical oncology. 2005; 28 (3),301. 23­
Schovanec J, Mracek J, Havlas V, Trc T Ewing's
sarcoma in children--current surgical treatment
options, evaluation of our patients. Acta Chir
Orthop Traumatol Chech; 2004; 71(4):220.

24- Bacci G, Forni C, Longhi A, et al: Long-term
outcome for patients with non-metastatic Ewing's
sarcoma treated with adjuvant and neoadjuvant
chemotherapies. 402 patients treated at Rizzoli
between 1972 and 1992. Eur J Cancer ; 2004;
40(1):73.

25- Newton W; Meadows A, Shimada K, et al: Bone
sarcomas as second malignant neoplasms
followingchildhood cancer. Cancer;1991; 67:193.

26- Saeter G: Oliveira]: Bergh J.: ESMO Minimum
Clinical Recommendations for diagnosis,
treatment and follow-up of Ewing's sarcoma of
bone. Annals of Oncology; 2005; 16 (Supplement
1), i73..

27- Lazarides, S. P.;Arvanitis, D.; Antonakopoulos, G.
Prognostic factors in Ewing's sarcokma of the
bone. The role of P53 and HSP70. British
Editorial Society of Bone and Joint Surgery; 2005;
87-B Supplement I, 79.

28- Bacci G; Longhi A; Barbieri E; et al: Second
Malignancy in 597 Patients With Ewing Sarcoma
of Bone Treated at a Single Institution With
Adjuvant and Ncnadjuvant Chemotherapy
Between 1972 and 1999. Journal of Pediatric
hematology/oncology; 2005;27(10); 517.

29- Krajbich J I; Rider J; Weitzman S; et al: Surgical
and chemotherapy treatment of Ewing's sarcoma
in children and adolescents: Long-Term. The
journal of bone and joint surgery; 2000; 82-B
Supplement II; 158.

30- Marcus, Robert B. jr.: Berrey, B. Hudson;
Graham-Pole, John; Mendenhall, Nancy Price;
Scarborough, Mark 1~ The 'Treatment of Ewing's
Sarcoma of Bone at the University of Florida: 1969
to 1998.Clinical Orthopedics and related
research; 2002; (397): 290.

31- Wilkins RM. Pritchard OJ, Burgert EO Jr et al:
Ewing's sarcoma of bone: Experience with 140
patients. Cancer;1986;58:2551.

32- Paulino AC: Late effects of radiotherapy for
pediatric extremity sarcomas. lnt J Radiat Oneal
HiolPhys 2004; 60 (1): 265.

33- Jereb B, Ong RL, Mohan M, ct al: Redefined role
of radiation in combined treatment of Ewing's
sarcoma. Pediatr Heamatol Oncol; 1986;3:111.

34- Enneking WF, Dunham W; Gebhardt MC, et al:
system for the functional evaluation of the
reconstructive procedures after surgical
treatment of tumours of the musculoskeletal
system. Clin Orthop: 1993;286:241.

35- Donaldson SS, Thrrcy M, Link Mp, et aI. A
multidisciplinary study investigating radiotherapy

in Ewing's sarcoma: end results of POG #8346.
Pediatric Oncology Group. Int J Radiat Oneal Bioi
Phys.1998; 42(1):125-35.

36- Novakovic B: Fears 1; Horowitz M; et al. Late
Effects of Therapy in Survivors of Ewing's
Sarcoma Family Tumors. J Pediatr Hematol Oneal
1997;19(3):220-225.

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle

echo
Rectangle




