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Abstract: The optimal first-line treatment for primary Ewing sarcoma (ES) of the spine is unclear, especially when
the patients present with acute neurological deficits. This study aimed to retrospectively analyze the effect of firstline treatment with surgery or chemotherapy on neurological and survival outcomes of ES of the spine. 39 patients
treated between January 2005 and December 2016 were included in the present analysis. 29 (74.4%) presented
with symptomatic spinal cord compression at diagnosis. 21 patients were submitted to primary surgery followed by
chemotherapy and local radiotherapy, while 18 patients received induction chemotherapy before surgery and/or
local radiotherapy. Neurological deficit before and after treatment, event-free survival and overall survival were analyzed. The results indicated that chemotherapy as the first-line treatment could achieve similar results as primary
surgery in preserving neurological function, even in case of major neurological deficits. Compared with primary surgery, induction chemotherapy contributed to a higher rate of en bloc resection with a microscopic negative margin
(R0) of primary tumor (72.7% vs. 28.6%, P < 0.05). Multivariate Cox regression analyses revealed that initial chemotherapy was a favorable independent prognostic factor of event-free survival (hazard ratio, 0.215; 95% confidence
interval, 0.077-0.596; P = 0.003) and overall survival (hazard ratio, 0.288, 95% confidence interval, 0.098-0.852;
P = 0.024). In conclusion, our study suggests that first-line treatment of ES of the spine should be induction chemotherapy, even in case of major neurological deficits.
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Introduction
Ewing sarcoma (ES) is the second most common primary sarcoma of bone in children and
adolescents [1]. The most common primary
sites of involvement of ES are the extremities
and pelvis [2-4]. The outcome of ES has
improved with introduction of multi-agent chemotherapy and multidisciplinary management.
Survival has been reported to approach
65-80% in localized ES [5-7], although overall
survival (OS) remains dismal for patients with
metastatic disease [8].
Generally, treatment of ES consists of three to
six cycles of induction chemotherapy after diagnosis by biopsy, followed by surgery and/or
local radiotherapy and then maintenance che-

motherapy [5, 9, 10]. However, primary ES of
the spine has special characteristics. First,
there is no consensus on the first-line treatment for ES, especially when the patients present with acute neurological deficits. Primary
decompressive surgery has often been preferred to prevent major neurological sequelae
[11-13]. However, a few recent studies reported that adequate and quick decompression of
neural structures could be achieved by initial
chemotherapy because of the high chemosensitivity of the tumor [14]. Second, there is no
consensus on the optimal form of local treatment for ES. Surgery and radiotherapy have
their limits and complications. Wide resection
is often not feasible because of adjacent critical structures, while radiotherapy is limited by
tolerance of the spinal cord [13]. Finally, prima-
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Table 1. Baseline characteristics of the patients based on
first-line treatment
Characteristics
Gender
Male

Primary
Initial CT
P
surgery (n = 21) (n = 18) value
0.726
15
14

Female
Age at diagnosis
< 18 y

6

4

7

4

≥ 18 y
Spinal site
Sacral
Nonsacral
Number of pathological vertebra
1
≥2
Stage
Localized
Metastatic
Diameter of primary tumor
< 8 cm
≥ 8 cm
Site of metastasis
Lung only
Lung/bone/bone marrow
Spinal cord compression
Yes
No

14

14

7
14

7
11

0.497

0.750

0.523
10
11

11
7
0.723

16
5

12
6
1.000

13
8

11
7

3
2

3
3

18
3

11
7

1.000

0.141

ture of the study, informed consent was waived. Between January
2005 and December 2016, 39
consecutive patients with primary
ES of the spine were treated by the
same multidisciplinary team in our
center (Table 1). All of the patients
had histopathologically diagnosed
ES of the spine based on the results of core needle biopsy or open
surgery. Diagnosis of ES required
the presence of a small blue roundcell tumor and positive immunohistochemical staining for CD99 (MIC2). Additionally, evaluation for
translocation t (11; 22) (q24; q12)
was performed in 15 patients in
the present study. Staging procedures consisted of a thorough clinical examination, bone marrow biopsy and imaging studies. Imaging
studies included X-rays, multiplanar
reconstruction computed tomography and magnetic resonance imaging (MRI) of the involved vertebrae,
a chest computed tomography
scan, and a bone scan or positron
emission tomography.
Treatments

All of the patients were submitted
to multi-agent chemotherapy for a
total of 48 weeks. Among the 18
patients who underwent induction
chemotherapy, a median of 4 cycles (range, 3-6
cycles) were administered. The chemotherapy
regimen included vincristine (1.4 mg/m2 on
day 1, maximum of 2 mg), doxorubicin (75 mg/
m2 on day 1), and cyclophosphamide (1.2 g/m2
on day 1) alternating with etoposide (100 mg/
m2/day, days 1-5) and ifosfamide (1.8 g/m2/
day, days 1-5) every 3 weeks. Doxorubicin was
replaced by actinomycin D (1.25 mg/m2) after
reaching a cumulative dose of 450 mg/m2. As a
routine, sustained grade 3-4 neutropenia for >
3 days or neutropenic fever, and grade 4 thrombocytopenia were indications of dose reduction in the present study. Granulocyte colony-stimulating factor prophylaxis was recommended to avoid new episodes of neutropenia
and delay of subsequent courses.

Unless otherwise stated, data shown are numbers of patients. CT, chemotherapy.

ry ES of the spine is an exceedingly rare entity,
which accounts for 3.5-6% of all primary sites
[3, 15]. Most studies on primary ES of the spine
were limited to case reports or small series
treated homogeneously in a single institution
[11, 16-20]. This fact makes performing large
series studies difficult for comparing outcomes
of different treatment strategies.
In this retrospective study, we reviewed our
experience in treating ES of the spine initially
with surgery or chemotherapy. This study aimed
to analyze treatment-related factors that affected neurological and survival outcomes of this
rare disease.
Materials and methods
Patients
This study was approved by the local ethics
committee. Because of the retrospective na1263

The timing and form of local therapy were determined on an individual basis depending on
the severity of spinal cord compression, the
Am J Cancer Res 2018;8(7):1262-1272

First-line treatment of Ewing sarcoma of the spine

Figure 1. Flow chart of the treatment. Unless otherwise stated, data shown are numbers of patients; ES, Ewing
sarcoma; R0, microscopic negative margin; R1, microscopic positive margin; R2, gross residual disease; CT, chemotherapy; RT, radiotherapy.

resectability of the primary tumor, the presence
of metastases, and the patients’ preferences.
All of the patients received intensity modulated radiotherapy, except for one patient who
received proton therapy (not at our institute)
for local control. For patients with prior surgery, radiotherapy was started within 9-12
weeks after surgery. For patients with no prior
surgery, definitive radiotherapy was performed after induction chemotherapy. The median
dose on the operative bed was 45 Gy (1.8-2.0
Gy/day) in cases of resection with microscopic
negative margins (R0). In cases of resection
with microscopic positive margins (R1) or gross
residual disease (R2) or exclusive radiotherapy,
patients received radiotherapy at a median
dose of 50 Gy (40-60 Gy), with 1.8-2 Gy given
per day, 5 days a week, over 5-6 weeks (Figure
1).
Data collection
A database was designed to retrospectively collect data on baseline clinicopathological fea1264

tures, treatment modalities, and neurological
and survival outcomes. For evaluating neurological function, the Frankel grade was used,
with class A representing complete paralysis,
class B representing sensory function only
below the injury level, class C representing
incomplete motor function below injury level,
class D representing fair to good motor function below injury level, and class E representing normal motor and sensory function [21].
Event-free survival (EFS) was defined as the
time from diagnosis to disease recurrence, progression, second malignancy, death from any
cause, or last contact. OS was defined as the
interval between diagnosis and death from any
cause or last follow-up. Clinical responses were
classified as complete response (CR), partial
response (PR), stable disease (SD), and progressive disease (PD) according to response
evaluation criteria in solid tumors for the softtissue component of the primary lesion as well
as non-osseous metastases [22]. The data
were collected and checked by two of the
Am J Cancer Res 2018;8(7):1262-1272
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mean ± SD. Qualitative variables are expressed
as absolute and relative frequencies. The X2 or
Fisher’s exact test was used to compare proportions. Kaplan-Meier survival curves were
used to estimate the proportion surviving and
the log-rank test was used to compare differences among subgroups. To identify independent prognostic factors, univariable and multivariable analyses were performed using Cox
regression models. If variables were significant
at the 0.1 level in univariate analysis, they were
included in multiple regression.
Results
Patient characteristics

Figure 2. Kaplan-Meier survival curves for event-free
survival according to first-line treatment.

Figure 3. Kaplan-Meier survival curves for overall
survival according to first-line treatment.

This study consisted of 39 patients (29 males,
10 females), with a mean age of 25.3 ± 9.1
years (range, 5-48 years) at diagnosis. Eleven
(28.2%) patients were < 18 years of age, whereas 28 (71.8%) patients were ≥ 18 years. The
primary tumor site was cervical in six patients,
thoracic in ten, lumbar in nine, and sacral in 14.
The diameter of the primary lesion was < 8 cm
in 24 patients and ≥ 8 cm in 15 patients.
Symptomatic spinal cord compression was
present in 29 (74.4%) patients. Among all 39
patients, 28 (71.8%) presented with localized
disease, eleven (28.2%) presented with metastatic disease (6 with lung metastases, 2 with
bone metastases, 2 with both lung and bone
metastases, and 1 with simultaneous bone
and bone marrow metastases) at diagnosis
(Table 1). Primary surgery was performed in
21 (53.8%) patients before diagnosis and chemotherapy. Eleven of the remaining 18 patients
underwent surgery of the primary tumors after
induction chemotherapy. Overall, 32 (82.1%)
patients underwent surgery for local control,
seven (17.9%) patients received definitive radiotherapy for local control.
Clinical outcomes

authors from clinical charts and questionnaire
responses. Missing data were collected from
patients or their family members by telephone.
Statistical analysis
All analyses were performed using commercially available software (Statistical Package for
the Social Sciences, version 18.0; SPSS, Inc.,
Chicago, IL). A P value < 0.05 was considered
significant. Continuous variables are shown as
1265

Among the 21 patients who underwent primary surgery, en bloc resection was performed
in 12 patients; six patients had R0 resection
and six had R1 resection. The remaining nine
patients underwent R2 resection. For the eleven patients who underwent surgery after induction chemotherapy, en bloc resection was performed in nine patients (8 R0, 1 R1) and two
patients underwent R2 resection. The histological response to induction chemotherapy was
Am J Cancer Res 2018;8(7):1262-1272
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ation field) 3 years after completion of treatment. She then
received standard therapy of
synovial sarcoma and survived
continuously for 109 months
after diagnosis of ES. Overall,
the 5-year EFS was 37.0%. For
subgroup analysis, EFS was lower in patients who were submitted to primary surgery than
in patients who had initial chemotherapy (log-rank test, P =
0.011; Figure 2). A total of 20
patients died of disease progression during the follow-up
period. There was no treatment-related death occurred,
Figure 4. Frankel grade improvement in patients with spinal cord compresleading to a 5-year OS of
sion. Data shown are numbers of patients; FU, follow-up.
44.0%. Subgroup analysis indicated that OS was higher in
good (necrosis of ≥ 90% of the resected specipatients who had induction chemotherapy than
men) in eight (72.7%) patients. The R0 resecin patients who were submitted to primary surtion rate was significantly lower in patients who
gery (log-rank test, P = 0.032; Figure 3).
had primary surgery than in those who had surNeurological outcomes
gery after induction chemotherapy (28.6% vs.
72.7%, P < 0.05). The clinical response in all 18
The neurological deficits in the 29 patients with
patients who underwent induction chemotheraspinal cord compression consisted of diffepy included nine CRs, seven PRs and two SDs.
rent degrees of paraparesis, paraplegia, and/or
The data in 6 patients with metastatic diseases
cauda equina syndrome. After local and sysincluded three CRs, two PRs and one SD. The
tematic treatments, all of the 29 patients expeoverall response rates were similar for patients
rienced substantial improvement of neurologiwith and without metastasis (91.7% vs. 83.3%,
cal function as expressed in Frankel grade at
P = 1.000). The clinical and histological res1 year and at the last follow-up, irrespective
ponses to induction chemotherapy were not
of the type of first-line treatment (Figure 4).
submitted to subgroup analyses because of
At diagnosis, 13 (72.2%) of the 18 patients who
the small number of available patients.
had primary surgery and seven (63.6%) of the
The median follow-up of all of the 39 patients
eleven patients who had initial chemotherapy
was 42 months (range, 12-145 months). Local
had Frankel grades A and B injuries, respecrelapses occurred in eleven patients; seven of
tively (P = 0.694). Despite local recurrences
them were in patients with initial spinal cord
that occurred in seven patients, the neurologicompression and four of the patients had recal function of most patients in the two subceived induction chemotherapy as first-line
groups improved to Frankel grades D and E at
therapy. Among the eleven patients with local
the last follow-up (88.9% vs. 81.8%, P = 0.622).
relapses, six presented with simultaneous metSafety
astatic relapses (including metastatic progression) and five had delayed metastatic relapses.
Drug toxicities to the hematologic system, liver,
Ten patients experienced isolated metastatic
kidneys, heart, bladder and mucosa were morelapse as a first oncological event. Local and
nitored during chemotherapy. Grade 3-4 neumetastatic relapses occurred within a median
tropenia was reported in 22 patients (56.4%),
interval of 22 months (range, 6-62 months).
grade 3-4 thrombocytopenia in 10 patients
Additionally, one patient who suffered from
(25.6%). Toxicity-related dose reduction occurrES at T5 presented with a second malignancy
ed in 14 patients (35.9%), but no deaths due
(synovial sarcoma) at C6-T1 (not within the radi-
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Table 2. Chemotherapy toxicity according to first-line
treatment
Toxicity and grade
Hematological toxicitie
Neutropenia
All
3-4
Anemia
All
3
Thrombocytopenia
All
3-4
Nausea and vomiting
All
3-4
Hepatic dysfunction
All
3-4
Renal dysfunction
1-2
Alopecia
1-2
Mucositis
All
3-4
Cardiac toxicities
Arrhythmia
1-2
Myocardial ischemia
1-2
Hemorrhagic cystitis
1-2
Dose reduction
All

Primary
surgery (n = 21)

Initial CT
(n = 18)

P
value

20 (95.2%)
11 (52.4%)

18 (100%) 1.000
11 (61.1%) 0.748

9 (42.9%)
2 (9.5%)

6 (33.3%) 0.742
1 (5.6%) 1.000

10 (47.6%)
5 (23.8%)

10 (55.6%) 0.751
5 (27.8%) 1.000

16 (76.2%)
6 (28.6%)

12 (66.7%) 0.723
4 (22.2%) 0.726

3 (14.3%)
1 (4.8%)

2 (11.1%) 1.000
1 (5.6%) 1.000

1 (4.8%)

0 (0%)

1.000

19 (90.5%)

18 (100%) 0.490

4 (19.0%)
2 (9.5%)

4 (22.2%) 1.000
2 (11.1%) 1.000

3 (14.3%)

4 (22.2%) 0.682

2 (9.5%)

3 (16.7%) 0.647

0 (0%)
8 (38.1%)

1 (5.6%)

0.462

6 (33.3%) 1.000

Categorical data are presented as numbers (percentages). CT,
chemotherapy.

to toxic effects were observed. Toxic effects
according to first-line treatment are reported in
Table 2, there were no differences between the
two treatment groups. The four patients younger than 16 years in the present study experienced a higher incidence of grade 3-4 chemotherapy induced nausea and vomiting compared
to the whole group (100% vs. 25.6%, P < 0.05).
In addition, patients in the primary surgery
group rehabilitated more quickly postoperative-

1267

ly compared to patients in the initial chemotherapy group, the mean interval between surgery and the first cycle of maintenance chemotherapy were 16 days and
21 days, respectively (P < 0.05).
Analysis of prognostic factors of survival
Univariable analysis showed that initial
chemotherapy (P = 0.016) was significantly associated with improved EFS. This factor along with localized disease at the time of diagnosis (P = 0.076) and R0 resection of the primary tumor (P = 0.089) were
submitted to multivariable analysis. The
results showed that both initial chemotherapy (P = 0.003) and localized disease
at the time of diagnosis (P = 0.004) were
favorable independent prognostic factors
of EFS (Table 3). As far as OS was concerned, univariable analysis showed that
localized disease at the time of diagnosis
(P = 0.005), initial chemotherapy (P =
0.042) and R0 resection of the primary
tumor (P = 0.044) were significantly associated with improved OS. Multivariable
analysis showed that these three factors
remained significant predictors of OS.
Initial chemotherapy was associated with
improved OS after adjustment for the
stage of disease and R0 resection of the
primary tumor (P = 0.024, Table 4). Stratified analyses of overall survival were performed based on different status of spinal
cord compression. The results indicated
that initial chemotherapy didn’t improve
overall survival in our patients with no neurological deficits (log-rank test, P = 0.460).
However, initial chemotherapy showed a
nonsignificant trend in improving the prognosis of our patients with spinal cord compression (log-rank test, P = 0.054).
Discussion
Whether the same treatment strategy of ES
outside of the spine can be used for ES originating in the spine is controversial, especially
when the patients present with major neurological deficits [8, 23]. The timing of local treatment for ES of the spine is critical because spinal cord compression is a common emergency
due to epidural tumor extension [13, 14, 24,
25]. In a French retrospective study, 79% of the
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Table 3. Univariable and multivariable Cox proportional hazard regression analyses of event-free
survival
Factor
Gender
Male
Female
Age at diagnosis
< 18 y
≥ 18 y
Spinal site
Sacral
Nonsacral
Number of pathological vertebra
1
≥2
Stage
Localized
Metastatic
Diameter of primary tumor
< 8 cm
≥ 8 cm
Spinal cord compression
No
Yes
First-line treatment
Surgery
Chemotherapy
Local treatment
Radiotherapy
Surgery + radiotherapy
En bloc resection of primary tumor
No
Yes
R0 resection of primary tumor
No
Yes

Univariable analysis
HR (95% CI)

P
0.710

Multivariable analysis
HR (95% CI)

P

Reference
1.187 (0.482-2.921)
0.565
Reference
0.768 (0.313-1.887)
0.663
Reference
0.830 (0.359-1.917)
0.486
Reference
1.348 (0.582-3.126)
0.076
Reference
2.332 (0.915-5.943)

0.004
Reference
4.846 (1.655-14.192)

0.528
Reference
1.315 (0.561-3.082)
0.408
Reference
1.525 (0.561-4.146)
0.016
Reference
0.310 (0.119-0.807)

0.003
Reference
0.215 (0.077-0.596)

0.475
Reference
1.562 (0.460-5.299)
0.892
Reference
0.943 (0.403-2.204)
0.089
Reference
0.451 (0.173-1.180)

0.056
Reference
0.375 (0.137-1.026)

HR, hazard ratio; CI, confidence interval; R0 resection, resection with a microscopic negative margin.

75 patients with ES of the spine presented with
symptomatic neurological compression [13].
In a series of 33 patients, reported by Venkateswaran et al., neurological deficits were determined in 94% of all patients [25]. Mirzaei et
al. reported that all of the 15 treated patients
had varying degrees of neurological deficits
[14]. The degree of neurological recovery is
often fixed at 48-72 h after spinal cord injury
[26]. Prompt decompression is urgently required because delay in treatment can result in
1268

irreversible outcomes [27]. In such circumstances, immediate surgical decompression is
often preferred [11-13, 19, 28]. In our study
population, 29 (74.4%) patients presented with symptomatic spinal cord compression at
diagnosis. Primary surgery was performed in
21 patients for functional and curative purpose
(en bloc resection in 12 patients, intralesional
excision in 9 patients). As expected, all of the
18 patients with symptomatic spinal cord compression experienced substantial improvement
Am J Cancer Res 2018;8(7):1262-1272
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Table 4. Univariable and multivariable Cox proportional hazard regression analyses of overall survival
Factor
Gender
Male
Female
Age at diagnosis
< 18 y
≥ 18 y
Spinal site
Sacral
Nonsacral
Number of pathological vertebra
1
≥2
Stage
Localized
Metastatic
Diameter of primary tumor
< 8 cm
≥ 8 cm
Spinal cord compression
No
Yes
First-line treatment
Surgery
Chemotherapy
Local treatment
Radiotherapy
Surgery + radiotherapy
En bloc resection of primary tumor
No
Yes
R0 resection of primary tumor
No
Yes

Univariable analysis
HR (95% CI)

P
0.959

Multivariable analysis
HR (95% CI)
P

Reference
1.026 (0.393-2.675)
0.880
Reference
1.081 (0.392-2.982)
0.672
Reference
0.827 (0.343-1.995)
0.566
Reference
1.294 (0.537-3.114)
0.005
Reference
4.211 (1.557-11.393)

0.000
Reference
8.610 (2.738-27.078)

0.470
Reference
1.393 (0.567-3.420)
0.683
Reference
1.235 (0.448-3.406)
0.042
Reference
0.348 (0.126-0.961)

0.024
Reference
0.288 (0.098-0.852)

0.695
Reference
1.279 (0.374-4.376)
0.467
Reference
0.721 (0.299-1.739)
0.044
Reference
0.321 (0.106-0.969)

0.047
Reference
0.308 (0.096-0.986)

HR, hazard ratio; CI, confidence interval; R0 resection, resection with a microscopic negative margin.

of neurological function after primary surgery.
Interestingly, the eleven patients with symptomatic spinal cord compression who received
initial chemotherapy also had an acceptable
recovery from neurological deficits. No serious
neurological sequelae were determined during
the follow-up period, despite seven patients initially presenting with Frankel grades A and B
injury. Similar effects of chemotherapy on neurological preservation in ES of the spine were
reported by other authors [14]. The most likely
explanation for this effect of chemotherapy is
1269

that the high chemosensitivity of the tumor
leads to shrinkage of the tumor, and then
decreases compression of the spinal cord in a
timely manner.
Although neurological function is an important
endpoint for measuring the success of treatment of primary spinal ES, survival is a more
important issue that needs to be addressed.
Surgery as the first-line treatment of ES of the
spine is controversial because it may induce
local tumor spilling and ultimately compromise
Am J Cancer Res 2018;8(7):1262-1272
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survival [15]. Induction chemotherapy can eradicate micrometastases and induce shrinkage
of the primary tumor, which contribute to effective local and systemic control [14, 29].
Unfortunately, no formal comparison has been
made between these two types of first-line
treatments in ES of the spine because of the
rarity of this disease. In the present study, all
of the patients were treated at the same institution by the same multidisciplinary team,
and data concerning neurological and survival
outcomes were available for all patients. Therefore, we were able to compare between these two types of first-line treatments. We found
that patients who had initial chemotherapy had
significantly better EFS and OS compared with
patients who underwent primary surgery. Furthermore, induction chemotherapy contributed
to a higher rate of R0 resection, which was a
favorable prognostic factor of OS in the present
cohort.
The 5-year OS and EFS of our complete series
were 44.0% and 37.0%, respectively, which are
less than those of other recent reports [2, 13,
15]. Notably, these previous studies only included ES of the mobile spine, but not sacral
ES, and their patients were younger than those
in our study. Sacral origin and older age are
unfavorable prognostic factors of ES [30-33].
Additionally, patients with metastatic diseases
are always associated with poorer survival
compared with patients with localized ES. In
the present study, the 5-year OS was 53.0% in
28 patients with localized diseases, which is
comparable with that of other reports; Bacci et
al. found a 5-year OS of 42.0% in a series of 43
cases [34] and Marco et al. found 46.0% in a
series of 13 cases [4]. Interestingly, our data
indicate that primary surgery is detrimental to
the prognosis of the present cohort. Similarly, a
recent systematic review suggested that initial
chemotherapy offered significant improvement
in local control and long-term survival for spinal ES [35]. On the basis of these findings, the
authors recommend performing surgery after
induction chemotherapy instead of before chemotherapy to facilitate R0 resection and decrease surgical morbidity and risks.
Two important issues should be emphasized.
First, induction chemotherapy in patients who
are neurologically at risk should start immediately after establishment of a timely histopath-
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ological diagnosis. In the case where a definitive diagnosis is delayed (e.g., a soft tissue
mass within the vertebral canal without any
bony lesion), emergency surgery should be considered as first-line treatment. This is because
any delay in intervention would compromise
effectiveness in alleviating a neurological deficit [14]. Second, to achieve an R0 margin at
the greatest extent, en bloc resection should
be performed by orthopedic oncologists with
specific expertise in the management of spinal
tumors. Spinal reconstruction and stabilization are recommended to prevent subsequent
development of spinal deformity and neurological demise.
This study has several limitations. First, owing
to the small sample size and the retrospective
study design, selection bias was unavoidable.
However, the baseline characteristics of the
patients were similar in the two subgroups submitted to primary surgery and initial chemotherapy. Second, all patients, including those
who had R0 resection, received local radiotherapy in the present study. This situation makes
analysing the role of en bloc resection alone
for local control of ES of the spine difficult.
However, considering that most en bloc resection around the spinal canal was marginal, but
not wide resection, we suggest that combining resection with additional radiotherapy is
prudent [36, 37]. Prospective studies to evaluate the role of adjuvant radiotherapy in patients who undergo marginal resection of the primary spinal ES should be performed in the
future.
In conclusion, our study shows that chemotherapy as the first-line treatment of ES of the spine
can achieve similar results as primary surgery
in preserving neurological function, even in
case of major neurological deficits. Initial chemotherapy is associated with better EFS and
OS compared with primary surgery. Furthermore, induction chemotherapy contributes to
a higher rate of en bloc resection with an R0
margin, which is an independent prognostic
factor of improved OS. Our findings suggest
that the treatment strategy could be the same
for ES located at the spine and at other sites.
R0 resection following induction chemotherapy
is strongly recommended when technically
achievable.
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