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Relapse patterns have been documented in 191 children with localised Ewing’s sarcoma treated with
the United Kingdom Children’s Cancer Group (UKCCSG) Ewing’s Tumour regimen ET2. All
received chemotherapy comprising ifosfamide, vincristine, doxorubicin and actinomycin D. Local
treatment modality was excision and or radiotherapy depending on tumour site and response to
primary chemotherapy. Although not strictly comparable, due to the clinical indications used for
each modality, local relapse rates were very low and were similar, irrespective of the type of
local treatment modality: radiotherapy (3/56), surgery (7/114) or a combination (0/20). Combined
relapse (local + distant) rates were similarly low irrespective of the type of local therapy: radiotherapy
(4156), surgery (4/114) or a combination (0/20). Overall survival was lower in females (P=<0.04),
older children (P’=<0.002) and those with primaries at sites other than long bones (P=<0.02). It is
concluded that with effective intensive chemotherapy combined with either radiotherapy or surgery,
local control in this study was excellent at sites other than the pelvis. Preventing distant relapse, pre-
dominantly to lung and bone, remains the major challenge. 1999 Elsevier Science Ltd. All rights
reserved.

Key words: local control, Ewing’s sarcoma, chemotherapy, surgery, radiotherapy
Eur ¥ Cancer, Vol. 35, No. 12, pp. 1698-1704, 1999

INTRODUCTION
AGGRESSIVE MULTI-AGENT combination chemotherapy com-
bined with adequate local treatment, surgery and or radio-
therapy, has dramatically improved survival in patients with
localised Ewing’s sarcoma [1,2]. For many years radiation
treatment has been the local treatment of choice especially for
inoperable bulky pelvic and spinal tumours. Its role is less
clear in the light of advances in orthopaedic surgery and with
the use of effective multi-agent chemotherapy. There are
conflicting reports in the literature regarding the effectiveness
of irradiation in local disease control [3—8]. Another important
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consideration is the risk of second malignancies within the
radiation field for patients with Ewing’s sarcoma, [9,10]
although with lower doses and less extensive irradiation fields
the incidence is likely to be lower than reported in the past
[11].

Surgery is increasingly the preferred modality of local
treatment in Ewing’s sarcoma with many reports in the lit-
erature suggesting improved local control and survival [12—
14]. It must be recognised, however, that those patients
undergoing surgical resection tend to have smaller tumours
and/or have shown a good response to chemotherapy, both
factors which could account for the favourable outcome.

In this study, we examined the impact of local treatment
modality on local control, overall relapse pattern and survival
in an unselected, national series of patients with localised
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Ewing’s sarcoma treated on a standardised ifosfamide-based
chemotherapy protocol combined with surgery and/or radio-
therapy.

PATIENTS AND METHODS

From January 1987 to November 1993, 201 patients with
localised Ewing’s sarcoma of the bone were registered on the
Ewing’s Tumour Study-2 (ET-2) of the United Kingdom’s
Children’s Cancer Study Group (UKCCSG). 10 patients
were excluded due to major protocol violations (z=7) or due
to insufficient clinical details (z = 3). Hence 191 patients were
available for analysis. For this analysis the median follow-up
period was 5.5 years (range 2 months—10 years). Of the 139
living patients, 114 had been seen within the last 2 years.

All patients had biopsy proven Ewing’s sarcoma of bone
with no prior local treatment or chemotherapy. Staging
investigations included bilateral bone marrow aspirate and
trephine biopsies; posterior—anterior and lateral chest X-ray
(CXR), computed tomography (CT) scan and/or magnetic
resonance imaging (MRI) Scan of primary and CT scan of
chest. Precise tumour volume at diagnosis was not formally
documented in this study.

Additional investigations prior to and during treatment
have been previously reported [15]. Prior to a decision
regarding local therapy, the primary tumour was examined
with CT or MRI. Whether surgery, radiotherapy or both
were used was at the discretion of individual investigators.

Chemotherapy

Chemotherapy combined ifosfamide (I) with vincristine
(V), and doxorubicin (D) or actinomycin-D (A). Dosages,
routes and schedules of chemotherapy administration are
shown in Table 1. All patients received four courses of the
combination chemotherapy IVAD-3 within 4 weeks of histo-
logical diagnosis. Treatment was administered at 3—4 weekly
intervals dependent on recovery of blood counts.

After surgery or radiotherapy all patients continued treat-
ment with IVAD-2 which was similar to IVAD-3 but without
the third day of ifosfamide infusion and doxorubicin was
given at 30 mg/m? on days 1 and 2 only. IVAD-2 was also
administered at 3—4 weekly intervals dependent on recovery
of blood counts. After three courses of IVAD-2, chemother-
apy was changed to IVA (ifosfamide, vincristine and actino-
mycin-D), administered at 3-4 weekly intervals for the
remainder of 1 year from the start of chemotherapy.

A reduction of dose in the next and subsequent courses of
chemotherapy was recommended where there was repeated
neutropenic sepsis. In the event of ifosfamide-related ence-
phalopathy or severe renal toxicity, ifosfamide was replaced
with cyclophosphamide. Doxorubicin dose was reduced in
the next and subsequent courses of chemotherapy if there was
severe mucositis or oesophagitis. Actinomycin-D was sub-

Table 1. ET-2 chemotherapy regimen

IVAD 3 IVAD 2 IVA
Ifosfamide 3 g/m? iv.infusion x3 days x2 days x2 days
MESNA 3 g/m? iv.infusion x3 days x2 days x2 days
Vincristine 2 mg/m? iv.push x1day x1day x1 day
Doxorubicin 20 mg/m? i.v. infusion x3 days * —
Actinomycin-D 1.5 mg/m? i.v. push — — x1 day

*Doxorubicin in IVAD 2 30 mg/m?x2 days. i.v., intravenous.
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stituted for doxorubicin if there was any clinical evidence of
left ventricular dysfunction. Dose reduction of vincristine was
considered for patients with severe neurotoxicity such as foot
drop, ileus or severe paraesthesia. All patients received Co-
trimoxazole three days per week as prophylaxis against preu-
MOCYSTIS carinit.

Surgery

Surgery was considered after four courses of IVAD-3
chemotherapy at approximately 12 weeks from diagnosis. In a
proportion of patients surgery was delayed, either electively
or due to unavoidable reasons. Surgery was deemed to be
complete or incomplete based on the histopathology report of
the resected specimen and surgical notes of the operating
surgeon. Definitive surgery was defined as tumour excision or
amputation as the sole modality of local treatment.

Radiotherapy

‘Primary’ radiotherapy was used in bulky, inoperable
tumours. ‘Postoperative’ radiotherapy was recommended
when surgery was incomplete with gross macroscopic or
microscopic disease. Primary radiotherapy was defined as
irradiation being the exclusive modality of local treatment.
Radiotherapy was either given with conventional fractiona-
tion or split course and hyperfactionation. Treatment was
delivered using megavoltage equipment.

Conventional fractionation. Once daily fractions with 5
fractions per week and a dose per fraction of 180-200 CGy
was used. Total dose ranged from 40 Gy to 60 Gy for those
patients undergoing definitive irradiation and 35-55 Gy for
those patients receiving postoperative radiotherapy.

Split course hyperfractionation radiotherapy. The scheme was
identical to that used in the CESS-86 study [16]. Two
courses of 22.4 Gy (two fractions of 160 CGy/day) i.e. total
dose 44.8 Gy for postoperative radiotherapy or three courses
of 22.4, 22.4 and 16 Gy, respectively, for definitive radio-
therapy. The objective of hyperfractionated radiotherapy was
to continue radiation treatment without interruption or
alteration of systemic chemotherapy. Total dose and overall
treatment time were identical for both types of treatment.

Chemotherapy during radiotherapy. During conventionally
fractionated radiotherapy vincristine 1.5 mg/m? and cyclophos-
phamide 300 mg/m? were administered concurrently at weekly
intervals during the radiation treatment. Patients undergoing
pelvic irradiation had cyclophosphamide omitted completely.

Relapse was documented by unequivocal clinical evidence of
either local recurrence or metastatic disease supported by radi-
ological evidence of disease by plain X-ray, CT scan/MRI scan
or isotope bone scan. Histological proof was not mandatory.

Statistical methods

Survival, relapse-free survival and local control were cal-
culated by the life-table method of Kaplan and Meier [17]
and differences between groups were assessed by the logrank
test [18]. In calculating the local control, the data were cen-
sored at the time of first relapse. Subsequent relapses were
not evaluated. Since the choice of local treatment is likely to
have been based on patient and disease factors (e.g. age, site
of disease) a multivariate analysis was used to investigate the
independent effect of variables on survival. Cox’s propor-
tional hazards model [19] was employed using the method of
maximum likelihood in a step-up procedure. Relative risks
were calculated for the different patient groups.
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Table 2. Patient characteristics and method of local treatment

A.G. Shankar ez al.

Table 3. Relapses according to site of primary tumour

191
12 (1-27) years

Total number
Median age (range)

Sex
Male 106
Female 85
Site
Long bones 96
Pelvis 34
Spine 8
Flat bones 44
Small bones 9

Local treatment

Surgery 114 (60%)
Definitive radiotherapy 56 (29%)
Surgery + radiotherapy 20 (10%)
No treatment 1 (<1%)

RESULTS
Patients characteristics for the entire group are listed in
Table 2.

Definitive surgery

114 patients had surgery alone as local treatment. There
was complete surgical excision of tumour with clear margins
on histopathological examination in 107 (including 10
amputations), whilst 7 had incomplete resection. The sites of
resected primary tumours were long bones 75, pelvis 7, rib
16, skull 2, others 14. The interval between the last course of
chemotherapy prior to surgery and resumption after surgery,
in 111 evaluable patients, was 47 days (range 33-97 days).
In 69 patients chemotherapy was recommenced within 21
days of surgery and a further 33 patients resumed it within 30
days. 9 patients had a delay in excess of 30 days for recom-
mencement of chemotherapy.

Primary radiotherapy

56 patients had radiotherapy alone as local treatment. The
sites of the primary tumour were pelvis 25, spine 7, long bone
14, and other sites 10. One patient was treated by bra-
chytherapy for a pelvic tumour. Chemotherapy details prior
to definitive radiotherapy were available in 53 patients; 34
patients had four cycles and 15 patients received five cycles.
In 4 patients it was delayed beyond five cycles.

In the majority of patients chemotherapy was modified to
vincristine + cyclophosphamide or vincristine alone during
radiotherapy. One patient had no local treatment.

Postoperative radiotherapy

20 patients were given postoperative radiotherapy of
whom 17 had undergone incomplete surgical excision of the
primary tumour, whilst 3 patients had postoperative radio-

Local treatment

Surgery +
Primary site Radiotherapy Surgery radiotherapy
Long bones (n=96) 1/14 22/75 3/7
Pelvis (n=134%) 13/25 3/7 0/1
Spine (n=38) 2/7 0 0/1
Others (n=53) 2/10 15/32 0/11
Total 18/56 (32%) 40/1141 (35%) 3/20 (15%)

Long bones =26, pelvis = 16, spine =2, others = 17. *One patient did
not receive any form of local treatment. 14/40 patients who relapsed
had incomplete surgical excision.

therapy despite complete excision on clinician preference.
The primary sites treated were long bones 7, pelvis 2, rib 4,
spine 1, other sites 6.

Of the 134 patients who had surgery (definitive surgery
n=114 and postoperative radiotherapy (z=20), 93 patients
had it after 4 cycles of IVAD-3 chemotherapy and 25 after
five cycles. Surgery was delayed beyond five cycles in 8
patients. Details were not available for 8 patients.

Qutcome

Relapse. 61 patients relapsed. Table 3 shows that pelvic
primary tumours had the highest incidence of relapse, irre-
spective of the type of local treatment—13/25 after irradiation
and 3/7 after definitive surgery.

Relapses were separated into (1) local recurrence alone;
(2) local recurrence and synchronous systemic relapse (com-
bined); and (3) systemic relapse alone (Table 4). Table 5
shows the relapse sites according to site of primary and local
treatment. There was no significant difference in local, systemic
or combined relapse rates either after surgery, radiotherapy or a
combination of both. Time interval to relapse in relation to
local treatment is shown in (Figure 1). The site of relapse did
not affect survival after relapse (Figure 2a), but a longer
interval from diagnosis to relapse did give a better prognosis
(Figure 2b). No difference in the local control was apparent
whether or not surgery was complete (Figure 3a) and similarly
local control was identical for the group receiving radiotherapy
or not (Figure 3b, Table 6). There was a small group of 8
patients whose tumours were incompletely resected but who
did not receive local irradiation. 3 of those had a local relapse
and 1 a metastatic recurrence. Statistical analysis is not
appropriate with these small numbers. Local control was sig-
nificantly better when the primary was in the long bones (the
wide confidence interval (CI) is the result of very few local
relapses in the long bone group, long bones, relative risk (RR) =
1, other sites RR=8.6, 95% CI 1.97-37.32, P=0.0003).

There was no significant difference in the interval (in days)
between the last course of chemotherapy prior to surgery and

Table 4. Relapse pattern according to local treatment

Local treatment Local (%)

Systematic (%) Combined (%) Total (%)

Radiotherapy (n=56) 3 (5)
Surgery (n=114) 7 (6)
Surgery + postoperative radiotherapy (n = 20) 0 (0)
Total (n=190) 10/61 (16)

11 (20) 4 (7) 18/56 (32)

29 (25) 4 (4) 40/114 (35)

3 (15) 0 3/20 (15)
43/61 (70) 8/61 (13)
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Table 5. Relapse sites according to site of primary and local treatment
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Site XRT Surgery Surgery + XRT Local relapse Systemic relapse Combined relapse
Long bones (=96) (R=26) 14 75 7 1 24 1
Pelvis* (n=34) (R=16) 25 7 1 4 8 4
Spine (n=8) (R=2) 7 0 1 0 1 1
Other sites (n=53) (R=17) 10 32 11 5 10 2
Total (n=191) 56 114 20 10 43 8

*One patient did not receive any form of local treatment. XRT, radiotherapy; R, relapses.

(a) Surgery
124

104

Number of relapses

<6

(b) Radiotherapy

Elocal BSystemic OCombined Hlocal BSystemic OCombined

Number of relapses
w

13-24 25-36

Months from diagnosis

37-48 49> <6

13-24 25-36 37-48 49

Months from diagnosis

Figure 1. Time interval (months) from diagnosis to relapse after (a) surgery; (b) primary radiotherapy.
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Figure 3. Local control in relation to (a) extent of surgery; (b) with or without radiotherapy.
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Table 6. Local control
% Local control at
Patients Relapse 5 years (95% CI) Significance
All cases 191 18 89 (83-93)
Male 106 9 90 (81-95) P=0.4
Female 85 9 87 (77-93)
Age (years)
0-4 11 0 100 P=0.3
5-9 36 4 88 (72-96) (Trend test)
10-14 76 6 91 (81-96)
15+ 68 8 85 (71-92)
Site
Long bones 96 98 (91-99)
Pelvis 34 72 (52-85)
Spine 8 1 88 (39-98) Long bone
versus rest
Other 53 7 84 (70-92) P=0.0006
Surgery
None 57 8 84 (71-92) P=0.1
Incomplete 24 3 85 (61-95) (Trend test)
Complete 110 7 92 (85-96)
Radiotherapy
Yes 76 8 88 (77-94) P=0.6
No 115 10 90 (82-94)

CI, confidence interval.

the resumption after surgery between the patients who
relapsed and those who did not relapse.

Mortaliry

52 patients died, 50 (96%) due to progressive disease fol-
lowing relapse. One child died because of transfusion-asso-
ciated, biopsy-proven, graft versus host disease and another

A.G. Shankar ez al.

Overall Survival

Relapse-free survival

Probabilty of survival/relapse-free survival

Years since primary diagnosis

Figure 4. Overall survival and relapse-free survival.

from pneumocystis carini pneumonia. 23% (14/61) of those
with recurrent disease died within 6 months from the date of
relapse and 54% (33/61) died within 1 year.

Owerall and relapse-free survival

The 10-year overall survival (OS) for the entire cohort was
69% (Figure 4) and Table 7 shows OS according to age, sex,
primary site and local treatment modality. The 5-year relapse-
free survival (RFS) for the entire cohort was 67% (Figure 4).
The 5-year RFS for patients who underwent definitive sur-
gery, definitive radiotherapy and postoperative radiotherapy
were 62, 67 and 78% respectively (P=0.6) (Figure 5).

DISCUSSION
This study has evaluated a number of factors which could
contribute to local control in patients with Ewing’s tumour.
Tumour bulk rather than site (although these are often rela-
ted) was not documented consistently in this trial. Similarly,
histological response to preoperative chemotherapy, which

Table 7. Owverall survival

% Alive at (95% CI)

Patients Deaths 5 years 10 years Significance
All cases 191 52 73 (66-79) 69 (61-76)
Male 106 23 79 (69-86) 75 (64-83) P=0.04
Female 85 29 65 (54-75) 61 (49-72)
Age (years)
0-4 11 0 100 100 P=0.002
5-9 36 4 92 (76-97) 87 (68-95) (Trend test)
10-14 76 25 66 (54-76) 64 (51-74)
15+ 68 23 65 (51-76) 59 (43-71)
Site
Long bones 96 18 81 (71-88) 79 (69-87)
Pelvis, sacrum 34 15 53 (34-69 Long bone versus all others P=0.02
Spine 8 2 73 (28-93)
Other 53 17 72 (57-82)
Surgery
None 57 17 67 (52-78) 67 (52-78) P=0.7 (Trend test)
Incomplete 24 6 77 (53-90) 68 (41-85)
Complete 110 29 75 (65-82) 70 (59-78)
Radiotherapy
Yes 76 21 70 (57-79) 70 (57-79) P=0.7
No 115 31 75 (65-82) 68 (57-77)

CI, confidence interval.
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Surgery and radiotherapy n = 20

Radiotherapy n = 56
0.6 e EEEE—
Surgery n=114

0.8

0.4

0.2 -

Probability of relapse-free survival

Years since primary diagnosis

Figure 5. Relapse-free survival in relation to local treatment.

has been shown to correlate with event-free survival, was not
available for inclusion in the analysis.

These results show that using a four-drug ifosfamide-based
chemotherapy regimen and applying a relatively conservative
radiotherapy policy, the overall prognosis for localised
Ewing’s sarcoma is encouraging with a 5-year RFS of 67%
and 10-year OS of 69%. These results compare favourably
with published reports [1,2,16,20], in particular, when
compared with ET-1 study in which the overall local relapse
rate was 17% (33% for those treated with radiotherapy). The
5-year OS of all evaluable patients including those with meta-
static disease at diagnosis in the ET-2 study was 62% [15].

Pelvic tumours continue to have a poorer prognosis, [21-
23] irrespective of the type of local treatment given. There
was no clear difference between surgery and radiotherapy for
treatment of pelvic Ewing’s demonstrated in this small series.
Neither group did particularly well. This poor outcome, in
part, reflects the adverse prognostic significance of tumour
bulk [24-26], although with more intensive chemotherapy
regimens—especially those that are ifosfamide based—
tumour volume may be less of a risk factor [13,27]. In the
present study, 8/16 (50%) patients with pelvic primaries who
relapsed did so at distant sites only whilst 4 (25%) had local
recurrence alone. The high incidence of systemic relapse in
patients with pelvic tumours undergoing definitive radio-
therapy may reflect inadequate systemic treatment that these
patients received during the radiation treatment which had to
extend over 5 to 6 weeks. During this period chemotherapy
was limited to cyclophosphamide and vincristine and in many
cases cyclophosphamide was omitted so as to reduce bladder
toxicity when combined with pelvic irradiation. Patients
undergoing definitive surgery usually resume intensive com-
bination chemotherapy within 3 weeks of surgery.

The Cooperative Ewing’s Sarcoma Study (CESS) 81 and
86 trials have reported a higher incidence of systemic recur-
rence in patients undergoing surgery as local treatment
[13,28]. This finding was not observed in the present study
(Table 4). In both the CESS trials, neoadjuvant chemother-
apy consisted of the four drug regimen—VACA (vincristine,
actinomycin-D, cyclophosphamide and doxorubicin). The
more intensive—VAIA regimen (vincristine, actinomycin-D,
ifosfamide and doxorubicin) was restricted to high risk
patients (tumour volume >100ml and tumours of central
origin) in the CESS 86 trial. VACA is less intensive than the
IVAD/IVA regimen which may have contributed to the
higher systemic relapse rate. There is continued debate
regarding the relative efficacy of cyclosphamide and ifosfa-
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mide [29-31]. It would seem likely that the use of ifosfamide
in place of cyclophosphamide contributed to the improved
OS in ET-2, although published reports suggest that equiva-
lent results may be obtained using escalated dose-intensive
cyclophosphamide-based chemotherapy regimens [20].
Improved results have also been obtained after dose intensi-
fication of doxorubicin in the IESS-II trial [32].

Where surgical resection is impossible, it is clear that local
irradiation is an effective alternative. In this study, the com-
bination of local irradiation and chemotherapy resulted in
exceptionally low local recurrence rates. It seems unlikely that
local irradiation is required where there has been a complete
resection of the tumour, irrespective of the extent of chemo-
therapy-induced necrosis. In the ET-2 study, unlike the
current EICESS (European Intergroup Cooperative Ewing’s
Sarcoma Study) study, no irradiation was given in this situa-
tion and there was no adverse effect on local control.

A recent report from the CESS group has shown that the
addition of postoperative radiation after incomplete surgical
excision did not significantly reduce the local relapse rate
[13]. Of the 63 patients reported who had incomplete sur-
gery, only 49 had additional postoperative radiotherapy to the
primary site. The local combined relapse rate in this group
was 12% (6/49); the local or combined relapse rate in the
unirradiated group was 14% (2/14). By contrast, in the pre-
sent study, 38% of those who did not receive additional
postoperative radiation had local recurrences. The addition of
postoperative radiotherapy to patients who have less than
complete surgery thus seemed to achieve better local control
(Table 4). The conclusion would seem to be that at present,
radiation is indicated. With accrual of information on chil-
dren who for various reasons did not receive radiotherapy i.e.
concern about the adverse effects on growth in the younger
child, it may become clearer whether there are some circum-
stances where a more conservative approach is possible.
Other factors such as initial tumour size or the degree of
tumour necrosis may also have to be taken into account. This
possible benefit must be weighed against the risk of second
malignancies and growth impairment. It is clear from the low
local failure rate in the large number of patients who did not
receive any radiotherapy (approximately 60% of the study
population) that intensive chemotherapy and surgery are suf-
ficient for most cases. In this trial approximately 70% of
patients had their definitive surgery in one of two specialised
orthopaedic surgical centres. Nevertheless, it is difficult to
assess the impact of this centralisation of surgery as a critical
factor in the very low relapse rates reported in the study, as
local therapy in the earlier ET-1 study was radiotherapy [33].
However, in other tumour types, particularly in breast cancer,
centralisation of surgery to specialist centres has been
demonstrated to have a significant influence in outcome
[34,35]. At the time of analysis, local recurrences have not
occurred beyond 48 months from diagnosis, irrespective of
the local treatment modality. Systemic relapses continued to
occur beyond 5 years from diagnosis but only in patients who
had surgery.

Distant bone metastases were as common as pulmonary
metastases as sites of distant relapse. Other sites included
bone marrow, spinal cord and liver. The high incidence of
distant bone metastases probably explains the very poor sal-
vage rate after recurrent disease. With improved local control
rates using surgery and/or radiotherapy, more effective means
for control of distant metastases are urgently needed. It is
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important to identify those patients at high risk of develop-
ment of recurrent disease in whom chemotherapy dose
intensification, perhaps including myeloablative therapy with
autologous haematopoietic rescue should be considered [36—
38]. Chemotherapy-induced tumour necrosis is considered
an important prognostic factor in predicting clinical outcome,
and in conjunction with tumour volume may help in identi-
fying high-risk patients who might benefit from more inten-
sive chemotherapy treatment [13, 25, 39, 40].

The optimal timing of local treatment, the value of
chemotherapy dose intensification and the identification of
poor prognostic factors are outstanding issues which must be
addressed in order to make further improvements in OS and
RFS in Ewing’s sarcoma. This can be only done via coop-
erative multi-institutional and multinational trials.
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