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Objective: This network meta-analysis aimed at comparing the
efficacy of local control strategies after neoadjuvant
chemotherapy in patients with Ewing sarcoma.

event-free survival rate. Surface under the cumulative ranking
curve (SUCRA) was calculated for ranking probabilities of
different treatment.

Design: Network meta-analysis was used to synthesize direct
and indirect evidence in a network of trials that compare multiple
interventions and has the potential to rank the competing
treatments according to the studied outcome.

Results: Compared with radiotherapy, surgery had better
efficacy [local recurrence, OR (95% CI) 0.48 (0.33 - 0.87)] and
SR had a similar effect as surgery [local recurrence, OR (95% CI)
0.50 (0.29 - 0.82)]. There were no statistically significant
differences between three different local control strategies in 5year local recurrence rate. SUCRA values suggested that
surgery was better than SR for 5-year local recurrence rate
(0.79 vs 0.70) and 5-year event free survival rate (0.67 vs 0.50),
respectively.

Setting: There are three treatment options for local Ewing’s
sarcoma after neoadjuvant chemotherapy, namely surgery,
radiotherapy and surgery plus radiotherapy (SR).
Participants: Records of 2540 patients from 11 studies were
analyzed.

Conclusions: Both surgery and SR were superior to
radiotherapy in reducing 5-yer local recurrence of patients with
Ewing sarcoma after neoadjuvant chemotherapy. Surgery had
higher efficacy than SR on improving the prognosis of patients.

Main outcome measures: Potentially relevant studies were
retrieved from PubMed and Embase, and screened according to
inclusion and exclusion criteria. Hazard ratios and the associated
95% confidence intervals were used to describe the efficacy of
different interventions on 5-year local recurrence rate and 5-year
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wing sarcoma is the second most common
primary bone cancer affecting mainly
adolescents in the second decade of their life
[1]. It has a predilection for long bones (47%),
pelvis (26%), chest wall (16%) and spine (6%) [2]. Pain is
the most common initial symptoms for ES as with other
bone sarcomas [3]. Ewing sarcoma is highly metastatic;
although, it can be locally controlled by radiotherapy or
surgery, historically, 85%-90% of patients die within a
few months from a metastasis without systematic
treatment neither before nor after local treatment [4].
After the addition of doxorubicin to vincristine,
actinomycin D, and cyclophosphamide (VACD regimen),
the 5-year overall survival rate of local disease increased
from 28% to 65% in the 1970s [5]. Chemotherapy was
initially used as systematic treatment to control
metastasis, and later in a neoadjuvant setting to enhance
local control with confirmed efficacy [6].
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Local control is an important method to improve the
overall survival rate and local control rate of Ewing
sarcoma patients. Local treatment is recommended after
chemotherapy for all patients. Current local control
strategies include isolated radiotherapy, isolated
surgery, or combined surgery and radiotherapy [7]. The
debate over whether surgery and radiotherapy are
comparable in terms of local control continues [8]. The
optimal local control strategy for Ewing sarcoma remains
unclear. The French association for pediatric research
suggested that surgery or surgery combined with
radiotherapy is the best local treatment for pelvic tumors,
while radiotherapy is only available to patients who
cannot undergo surgery or patients who are resistant to
chemotherapy, or surgery involves amputation [10,11].
Zogopoulos, et al. [12] suggested that surgery is the
1
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treated with neoadjuvant chemotherapy; (iii) efficacy of
at least two of three investigated local control strategies,
i.e. surgery, radiotherapy, and surgery combined with
radiotherapy, should be compared in the clinical trial, and
all treatments for local control were performed after
neoadjuvant chemotherapy; and (iv) available data was
sufficient for further analysis. Furthermore, trials were
excluded for duplicates, articles based on the same
clinical trials, and those not reported in English. We
applied Cochrane collaboration’s tool for assessing risk
of bias [13] to evaluate the quality of enrolled randomized
clinical trials and Methodological index for nonrandomized studies (MINORS) for the quality of
randomized trials [14].

most effective method for local treatment, while
radiotherapy should be used sparingly. Moreover, with
the neoadjuvant application of chemotherapy, we are still
looking for a conclusive analysis concerning whether
surgery and radiotherapy are comparable in terms of
local control. This network meta-analysis aimed at
comparing the efficacy of local control strategies,
including surgery, radiotherapy and combined treatment
with radiotherapy and surgery after neoadjuvant
chemotherapy in Ewing sarcoma patients.
METHODS
PubMed and Embase database were searched from
inception through July 30, 2018, using controlled
vocabulary supplemented with keywords describing
Ewing sarcoma and neoadjuvant chemotherapy.
Possible related studies were also manually identified by
screening a reference list of retrieved articles. Two
reviewers independently primarily evaluated the
eligibility of retrieved articles by screening their titles
and abstracts. Disagreement was resolved by
discussion. Sub-sequently, full text of eligible articles
was reviewed according to inclusion criteria. The
included documents fulfilling the following criteria were
eligible for our analysis: (i) patients were diagnosed with
Ewing sarcoma, and tumors were clinically diagnosed as
operable and non-metastatic; (ii) all the patients were

In our analysis, we used 5-year local recurrence rate
(5-LR) and 5-year event-free survival rate (5-EFSR) as
outcomes of investigated treatment. Considering that
the main evaluation method of Ewing sarcoma is local
recurrence rate, and the survival data is relatively
lacking, we used the local recurrence rate as the main
outcome index and the survival data as the secondary
outcome index.
Relevant data were extracted by two authors
independently and discrepancies were dealt by
discussion. General information including first author,
year of publication, nationality of subjects, study

Fig. 1 Flow diagram summarizing results of study identification and selection.
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design, sample size and treatment were documented. Odd
ratios (ORs) for OS and EFS were either extracted from
original articles as the summary statistics or estimated
indirectly from survival curve or using other available
information.

Notes: CT = chemotherapy; RT: radiotherapy; SR: Surgery combined with Radiotherapy; VDC/IE, Vincristine, Doxorubicin, Cyclophosphamide, and Ifosfamide, Etoposide.

RT vs. SR
RT vs. SR
Surgery vs. RT vs. SR
Surgery vs. RT vs. SR
RT vs. SR
66
465
55
75
512
47.1 %
54.4%
62.0%
52.0%
64.1%
Italy
US
Italy
US
Italy
2007
2014
2009
2006
2006
Donati [8]
Dubois [7]
Bacci [17]
Yock [18]
Bacci [19]

Retrospective
Cohort
Retrospective
Retrospective
Retrospective

7.3
NR
15
4.4
12

18.4 (6-46)
12.4 (0.7-33)
17.9 (3-40)
NR
NR

CNR/ISG
VDC/IE
IOR
VACA/VACA-IE
REN

Surgery vs. RT vs. SR
VIDE
43
11.5 (3-66)
54.0
Germany
2016

Retrospective

10

23
956
88
190
53
20 (6.6-64.9)
13 (0.5-45)
12.4(2-16)
12 (1-27)
12.9
69.0%
55.0%
51.1%
55.8%
50.7%
US
US
UK
UK
France
2017
2017
2016
1999
1999

Reporting only local
recurrence rate
Ahmed [13]
Ahmed [14]
Laitinen [15]
Shankar [20]
Carrie [9]
Reporting only EFSR
Grevener [16]

Retrospective
Cohort
Retrospective
Retrospective
Retrospective

8.3
NR
5.2
5.5
6.5

N
Male
Country
Year

Design

Follow-up (y)

Age

VDC/IE 41/Other 7 Surgery vs. RT vs. SR
IE based
Surgery vs. RT vs. SR
NR
Surgery vs. RT vs. SR
IVAD
Surgery vs. RT vs. SR
EW-85/88/9
Surgery vs. RT vs. SR

LOCAL CONTROL STRATEGIES FOR EWING SARCOMA

Author

TABLE I Details of Studies Included in the Meta-analysis
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Statistical analyses: This meta-analysis was performed
according to the guidelines of PRISMA with Bayesian
model in WinBUGS (MRC Bio-statistics Unit, Cambridge,
UK) for network meta-analysis and STATA 12.0 (Stata
Corp, College Station, TX) for other analyses. For
survival analysis, ORs and the associated 95% credible
intervals (CrIs) were used to describe the efficacy of
different intervention on 5-LR and 5-EFSR. Surface under
the cumulative ranking curve (SUCRA) was calculated in
order to compare the relative ranking of different
therapies. Publication bias was assessed using Begg and
Egger tests. A P value less than 0.05 indicated the
presence of publication bias. A two-side P value less
than 0.05 was considered as significant.
RESULTS
As illustrated in the flow diagram (Fig. 1), a total of 1170
articles were retrieved from databases, and three more
records were obtained from other sources. Finally, 11
studies [7-10, 15-21] from 1999 to 2017 were included in
our analysis (Table I). The quality of included studies
was evaluated and they were all well-designed and
reported reliable results. A total of 2540 patients were
enrolled in the meta-analysis in total.
In the included studies, all patients received
neoadjuvant chemotherapy prior to the investigated
local control strategies. Three different strategies,
surgery, radiotherapy and surgery combined with
radiotherapy (SR), were evaluated in the included
studies (Table I). Web Fig. 1 shows the net plot of the
qualified comparison enrolled in our analysis. The width
of the line represents the cumulative number of trials per
comparison; the circled area represents the cumulative
number of patients per intervention. For the outcomes 5LR and 5-EFSR, the comparison between radiotherapy
and SR was the most commonly reported one.
Local recurrence rate: The efficacy of different
interventions was obtained by the use of a network metaanalysis. A total of 2474 patients from 9 clinical trials were
involved in our analysis. As illustrated in Fig. 2 and
Table II, surgery and SR showed no statistical difference
in 5-LR. However, both surgery and SR had statistically
significant differences with radiotherapy. Compared with
radiotherapy, surgery had better efficacy [OR (95% CI)
0.48 (0.33 -0.87)] and SR had a similar effect with surgery
[(OR (95% CI) = 0.50 (0.29 -0.82)]. Surgery and SR could
3
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Table II Network Meta-analysis Results for 5-LR and 5EFSR
Trials

Radiotherapy and SR had lower SUCRA values for
improving 5-EFSR (0.32 and 0.50, respectively). The
publication bias of various studies for 5-LR and 5-EFSR
is shown in Web Fig. 2.

OR (95% CrI)

5LR: No. of arms=28, Patients=2474
*SG vs. RD

9

0.49 (0.30-0.82)

DISCUSSION

SG vs. SR

9

0.94 (0.56-1.72)

*RD vs. SG

9

2.05 (1.22-3.32)

*RD vs. SR

10

1.95 (1.17-3.32)

In the present meta-analysis, radiotherapy was the least
favorable for improving the prognosis of Ewing sarcoma
patients, with significantly higher 5-LR when compared
with SR and surgery. No significant difference was
observed between surgery and SR, yet the SUCRA value
indicated that surgery had higher ranking probability on
decreasing 5-LR. Surgery, radiotherapy and SR showed
no significant difference of 5-EFSR, while surgery ranked
the highest regarding to ranking probabilities presented
by SUCRA value.

SR vs. SG

9

1.06 (0.58-1.79)

*SR vs. RD

10

0.51 (0.30-0.85)

SG vs. RD

6

1.25 (0.41-3.82)

5LR: No. of arms=19, Patients=749
SG vs. SR

6

1.28 (0.39-3.86)

RD vs. SG

6

0.8 (0.26-2.46)

RD vs. SR

7

1.03 (0.35-2.86)

SR vs. SG

6

0.78 (0.26-2.53)

SR vs. RD

7

0.97 (0.35-2.89)

DuBois, et al. [7] reported that radiation had a higher
risk of local failure, when compared with that of localized
ES patients treated with surgery. A study conducted by
Bacci, et al. [20] showed that the recurrence rate after
radiation therapy was high in patients with ES family
tumors. In addition, the risk of second malignancies was
another significant consideration for patients receiving
radiation therapy [23]. Surgery was suggested to be
better than radiotherapy in cases of extremity ES family
tumors with achievable adequate surgical margins, and
thus surgery was the optimal treatment for sites like
extremities, which brought a better prognosis to patients
[20].

5-LR: 5 year local recurrence; 5-EFSR: 5 year event-free survival
rate; OR (95% CrI) odds ratio (95% Credible interval); SG:
surgery; RD, radiation therapy; SR, surgery combined with
radiation; *P<0.03.

significantly reduce 5-LR of patients who received
neoadjuvant chemotherapy.
The SUCRA values show the relative efficacy of
different strategies (Fig. 3). Surgery and SR ranked the
highest for 5-LR (SUCRA value 0.79 and 0.70,
respectively).

Out results showed that surgery was superior to SR.
Our results are consistent with those of several previous
researchers [7,18-20], which also indicated that
additional radiotherapy did not show better outcomes
when compared with surgery alone. However, the
location of tumor may influence the efficacy of surgery.
As reported previously, surgery was the best treatment

Survival analysis: 749 patients from seven clinical trials
were included in the analysis. There were no statistically
significant differences between the three local control
strategies in 5-EFSR (Fig. 2 and Table 2). As per SUCRA
values, surgery ranked the highest for 5-EFSR.

Fig. 2 Five-year local recurrence rate and 5-year event-free survival rate in Ewing Sarcoma.```
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WHAT IS ALREADY KNOWN?
• The optimal local control strategy for Ewing sarcoma is unclear.
WHAT THIS STUDY ADDS?
• Surgery is the optimal option for improving 5-year local recurrence and 5-year event free survival in Ewing
sarcoma patients, following neoadjuvant chemotherapy.

surgery in localized Ewing sarcoma [1]. Whereas in our
analysis, five newer studies were involved, and one
article was excluded due to lack of sufficient data [22].
Moreover, in the present analysis, we focused on the
efficacy of local control strategies after neoadjuvant
chemotherapy. Neoadjuvant chemotherapy helps to treat
the disease early, reducing the chance of metastatic
dissemination and also reduces tumor volume, making it
resectable.
Some limitation of this study need to be highlighted.
Firstly, the number of studies enrolled for our analysis
were very limited. We were unable to investigate the
effect of different local control strategies on overall
survival, disease-free survival and survival rate with a
shorter follow-up time due to the lack of sufficient data.
Although the network meta-analysis enlarges source of
evidence for different comparisons, we still need direct
evidence for a robust conclusion. Secondly, since all
local control strategies for Ewing sarcoma were
performed after neoadjuvant chemotherapy, we did not
specify different regimens and protocols for
chemotherapy. This might confound the efficacy of local
control strategies. Yet all the regimens and protocols
used in enrolled RCTs were standard first-line
treatments, the efficacy of which have been proven in
previous studies. Thirdly, the choice of local treatment
was the individuals choice based on patient and tumor
characteristics. Radiation therapy is often used in cases
of narrow or intralesional surgical margins or poor
histological response to chemotherapy or when surgery
would be too mutilating. Additionally, results of survival
analysis were reported by odds ratios with extracted
binary data from original articles. Hence, we were not
able to compare the survival curves of different local
control strategies. Moreover, since no reliable RCTs
have been performed regarding to the efficacy of local
control strategies on Ewing sarcoma patients, we
enrolled only retrospective cohort studies in our
analysis. The quality and reliability of involved data may
thus limit the interpretation of our results.

Fig. 3 Surface under the cumulative ranking curve (SUCRA) of all
treatments. Each column shows the probability of that treatment
being ranked at the top.

for small tumors at humerus, yet surgery was only
recommended for large tumors when good functional
results and quality of life can be expected, and adequate
surgical margins are achievable. The best treatment is
uncertain for long bones that need to be rebuilt after
large segmental resection (femur, tibia, and humerus)
[18]. Moreover, the use of surgery for pelvic tumors in
Ewing sarcoma is controversial [24,25].
Surgery combined with radiotherapy is standard of
care in the majority of high-risk extremity soft-tissue
sarcomas [26]. Several retrospective studies reported
that combined therapy had a local tumor control
advantage over surgery alone, especially when tumor
was larger than 200 mL at diagnosis or the removal of
tissues were incomplete during surgery [23,27,28].
However, we did not find any survival benefit when
combined intervention was compared with surgery
alone. Moreover, combined radiotherapy after surgery
resulted in increased risk of long-term treatmentassociated toxicities [7]. Due to the lack of sufficient
direct data, the adverse effects of SR and surgery were
not compared in our network meta-analysis.
A previous meta-analysis enrolled eight
retrospective clinical trials and reported inconsistent
results in the efficacy of radiotherapy compared with
INDIAN PEDIATRICS
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that surgery might be the optimal option for improving 55
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Web Fig. 1 Evidence net plots. The node size represents the
sample size and the width of the lines represents the cumulative
number of trials.

Web Fig. 2 Funnel plot for local control strategies for Ewing sarcoma.
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