
Abstract. – Objectives: To evaluate the
role of enbloc resection on the oncological out-
come of patients with Ewing’s sarcoma of the
mobile spine treated with systemic multiagent
chemotherapy combined with radiation therapy.
While the role of chemotherapy and radiation
therapy is well known and accepted in the treat-
ment of Ewing sarcoma, there is no consensus
on the role of enbloc resection in those tumors
occurring in the mobile spine and, therefore, it
can be difficult to conclude the decision mak-
ing process, particularly if to achieve a tumor-
free margin resection functionally relevant
structures should be sacrificed. The study de-
sign of this work was the retrospective analysis
of a series of 27 cases of Ewing sarcoma of the
mobile spine homogeneously treated.

Methods: Twenty-seven patients with primary
ES of the mobile spine were treated from 1979 to
2008 by the same multidisciplinary team. All the
patients presented with pain. Motor deficits were
present in 6 patients. All the patients were sub-
mitted to multiagent protocols of chemotherapy
(always) and radiotherapy (alternative to surgery
or associated to). Surgery was performed in 17
cases both for functional purpose (7 cases: in-
tralesional piecemeal excision) both for curative
purpose (10 cases: enbloc resection, resulting
characterized by marginal/wide or intralesional
margins).
Patients were observed for a minimum of 2

years or until death. The mean follow-up time
was 65 months (median 28 months; ranging 2 to
218 months). Neurological function, local recur-
rence, distant relapse, and treatment-related
complications were evaluated.

Results: Three periods were considered ac-
cording to the evolution of therapeutic strate-
gies. Four patients were treated in the period
1979 to 1982. All were submitted to chemothera-
py (REA-2) and radiation therapy (RT). Two of
them were submitted to intralesional excision.
All these patients died 2 to 29 months later with-
out significant difference in the two groups.
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In the period 1983 to 1990 all patients were
treated with chemotherapy (REN-1/2) and RT.
Two were submitted to intralesional excision
and had a worse evolution as died of the disease
at 2 and 11 months follow up, while the patients
who did not received surgery evolved more
favourably: 1 died of the disease 57 months after
the end of the treatment, 3 are continuously dis-
ease free at 130, 190, 290 months.
The sixteen patients treated in the period

1991 to 2008 received chemotherapy (REN-3
and ISG-SSG) and RT, combined with intrale-
sional excision in 3, with enbloc with intrale-
sional margins in 4, enbloc with tumor-free
margins (wide or marginal) in 6. Only one pa-
tient submitted to tumor-free margin enbloc re-
section had local recurrence and died 29
months after the treatment (biopsy was per-
formed by open approach), the other surviving
continuously disease free at 17 to 193 months
follow-up (av. 76 months). All the patients sub-
mitted to intralesional excision and to enbloc
resection resulting in margin violation had the
same prognosis, as died of the disease 10 to 63
months after the treatment. Only one of the 3
patients who had no surgery died of the dis-
ease 8 months after the treatment, the other
surviving 9 and 49 months follow-up.
Among the seven patients who had neurologi-

cal symptoms at the occurrence, just those with
no metastasis and who underwent enbloc resec-
tion are alive.

Conclusions: The current study seems to
demonstrate that tumor-free margin enbloc re-
section provides better local control and longer
survival, while the results after intralesional mar-
gin resection or piecemeal excision combined
with chemotherapy and RT is less effective than
chemotherapy and RT alone.
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Introduction

Ewing’s Sarcoma (ES) is a small round cells
malignant poorly differentiated tumor, that arises
in the bone and soft tissues. It accounts for 6-8%
of all primary bone tumors1 and it is the second
most common malignant primary bone tumor in
children and adolescents with a peak in the sec-
ond decade of life2.
Pain and swelling are the most common pre-

senting symptoms, followed by radiculopathy
and major neurological compromise3

Low-grade fever may associate. Serum HDL
and erythrocyte sedimentation rate are frequently
increased, sometimes associated to leukocytosis
and anemia.
The lesions are usually destructive and fre-

quently produce a large soft-tissue mass. Biopsy
is required for the diagnosis. Imaging allows to
detail anatomic location, invasion of soft tissues,
spinal canal encroachment, distal metastases4.
Based on those elements oncological5 and surgi-
cal staging6 can be established.
Involvement of the spinal column is mostly

observed in patients who relapse after primary
ES located outside the spine7. Primary ES is rare
in the spine, ranging from 3.5 to 5% of all possi-
ble bone occurrence, falling down to 1% if the
sacrum is excluded8-11.
This is why few studies have been published,

with limited consideration to surgical treatment,
the literature mostly being represented by case
reports. Moreover, strategies for local and sys-
temic control of ES of the spine developed and
changed through the years: as a consequence
large homogeneous series in terms of treatment
are difficult to collect in a single Institution even
in a retrospective study.
The introduction of multidrugs chemotherapy,

together with radiation therapy (RT) and surgery
for local control, has significantly improved the
prognosis of ES: disease-free survival rates in-
creased to 50-80%8,9,12,13.
However, the prognosis of ES is still consid-

ered worse in the spine compared to other site of
occurrence in the major retrospective reviews.
It appears, however, that in very few cases in

these reviews the same criteria of surgical oncol-
ogy were applied in the spine as in the limb. Be-
cause of the anatomic constraints of the spine,
and possibly of the lack of specific experience in
spine surgery, the patients affected by ES of the
spine usually receive only RT for definitive local
control7,14,15.

In most of the reviews, spine ES have been
treated by intralesional excision mostly due to
the lack of criteria for performing enbloc resec-
tion and to emergency decompression for in-
creasing neurological symptoms.
Recently some reports have been pub-

lished2,3,14,16,17 supporting the concept that the
combination of enbloc resection and multimodal
chemotherapy are effective in ES of the spine
like in those of the limbs.
Conversely, the already widely accepted ES

sensitivity to RT has recently received stronger
support by new technologies commonly de-
scribed as radiosurgery18.
Although radiation therapy can provide ade-

quate and durable local control, the risk of local
recurrence is probably higher in these patients
rather than in those treated by enbloc exci-
sion3,11,19. Furthermore, the risk of a radiation-in-
duced sarcoma should be considered3,20-22.
This study try to evaluate the role of surgical

treatment of ES of the spine, with specific ad-
dress to the prognostic role of enbloc tumor-free
margins resection. To this purpose advantages in
term of local and systemic control will be
weighted versus morbidity and risks.

Materials and Methods

Twenty-seven patients with primary ES of the
mobile spine were treated at Rizzoli Institute
and Maggiore Hospital (Bologna, Italy) by the
same multidisciplinary team from 1979 to 2008
(Table I).
All the patients have been submitted to full

imaging work-up including standard radiograms,
computed tomography (CT) scan, isotope scan,
laboratory tests and since 1999 also magnetic
resonance imaging (MRI) (Figures 1 and 2) His-
tological diagnosis was confirmed in all the cases
by the same pathologists on specimens obtained
from an open biopsy or CT-guided trocar biopsy
(Figure 3)
All charts, radiographs and images were

rewieved. The composite information provided
by this review allowed for oncologic5 and surgi-
cal6 staging of these cases.
The series includes 15 female and 12 male

with mean age at the diagnosis of 21,3 years
(range 3-51).
The primary tumor site was cervical in 5 cas-

es, thoracic in 11, lumbar in 11.
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At the diagnosis 3 patients had previously un-
dergone inadequate treatment, such as open biop-
sy violating the canal, or were referred for recur-
rent tumor (non intact) and one of these had
lungs metastasis. Other 2 intact cases presented
with lungs or bone metastasis.
This study evaluates the outcome in terms of

local and systemic control, in 27 patients treated
for primary ES of the spine with and without

The mean interval between onset of symptoms
and diagnosis with the starting of the therapy was
32,2 weeks (range 3-110).
For scoring the neurological symptoms the

Frankel scale was used. Twenty patients were
neurologically intact (in 4 cases associated to
vertebral fracture), 6 patients were Frankel D (in
3 cases with vertebral fracture), 1 patient had
Frankel C paraplegia L1 level.

Table I. Analytical list of the 27 cases of ES observed, treated and followed.

Figure 1. B.S., male, 40 yrs. CT scan at referral to our Institu-
tion, around 1 yr after the arising of back pain, recently irradiat-
ed to the left anterior thigh with progressive motor weakness. Figure 2. B.S., male, 40 yrs. MRI at the admission.
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metastases between the years 1978 and 2008, to
assess the role of enbloc surgical resection as
part of the treatment strategy.

Results

All of the patients were followed with clinical
examinations and radiologic studies: 10 patients
for a mean of 114 months (range 17.5÷289.9)
and 16 patients until death (mean 22.5 months,
range 2÷62.9). Only one patient was lost at 13
months of follow-up: at that time he resulted
continuously disease free.
Three different periods were considered ac-

cording to the evolution of the chemotherapy
(CHT) protocols (1979 to 1982: REA 2; 1983 to
1991: REN 1 and 3; 1991 to 2008: REN 3 and
ISG-SSG) and the Radiotherapy paradigm (1991
is the turning point from fractioned RT to iper-
fractioned RT).
Open biopsy, recurrent or progressive tumor,

surgical margins (piecemeal excision vs. enbloc
resection; enbloc resection with intralesional
margin vs enbloc resection with marginal/wide
margin ) were considered as possibly affecting
prognosis
Four patients were treated in the period 1979

to 1982 (Table II). None of them had been treat-
ed before (defined as “intact”), but biopsy was
perfomed by open approach (laminectomy). All
were submitted to chemotherapy (REA-223) and
fractioned radiation therapy (rads: 55-60 Gy).
Two of them were submitted to intralesional ex-
cision. All patients underwent local recurrence
and died 2 to 29 months later without significant
difference in the two groups.
In the period 1983 to 1990 (Table III) 7 pa-

tients were treated with CHT according to REN-
1 protocol (5 patients from 1983 to 1988) and
REN 2 (2 patients from 1988 to 1999) combined
with fractioned RT24.

Two were submitted to intralesional excision
and had a worse evolution as recurred locally,
had lung metastases (one had lung metastases at
the occurrence) and died of the disease at 2 and
11 months follow up. Conversely, the patients
who did not received surgery evolved more
favourably: 1 died of the disease 57 months after
the end of the treatment, 3 are continuously dis-
ease free at 130, 190, 290 months (av. 203). One
more patient was lost at follow-up while disease
free 13 months after treatment.
The sixteen patients treated in the period 1991

to 2008 (Table IV) received chemotherapy REN-
323 and ISG-SSG (Figures 4 and 5), and RT (hy-
pofractioned), combined with intralesional exci-
sion in 3, and with enbloc resection in 10 (Figure
6). Biopsy was performed by CT-scan guided tro-
car technique (Figure 3).
The Pathologist’s study found intralesional

margins in 4 cases, and tumor-free margins
(wide or marginal) in 6. Only one patient sub-
mitted to tumor-free margin enbloc resection
had local recurrence and died 29 months after
the treatment (biopsy was perfomed by open ap-
proach), the other surviving continuously dis-
ease free at 17 to 193 months follow-up (av. 76
months). All the patients submitted to intrale-
sional excision and to enbloc resection resulting
in margin violation had the same prognosis, as
died of the disease 10 to 63 months after the
treatment. Only one of the 3 patients who had
no surgery died of the disease 8 months after
the treatment, the other surviving 9 and 49
months follow-up.
Considering the whole series (Table V), 21

cases were localized at the moment of the diag-
nosis, 5 patients were metastatic at the occur-
rence and/or previously submitted to an open
procedure (“non-intact”).
The survival rate in non-intact or metastatic

patients was very poor (mean 13.6 months, range
2÷26).
The overall survival rate of the 21 localized

was 68 months (range 8÷290).
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Treatment N° LR LM DOD @

CHT + RT 2 2 1 2 3*-30
EXC CHT + RT 2 2 1 2 11-22

Table II. 4 Patients treated from 1979 to 1982. CHT: chemotherapy (regimen: REA-2); RT: radiotherapy; EXC: intralesional
piecemeal surgical excision; LR: local recurrence; LM: lung metastases; DOD: dead of disease; @: follow-up (months).

*LM at admission.



Among the seven patients who had neurologi-
cal symptoms at the occurrence, only 3 had a im-
provement (2 cases D to E, 1 case C to D), the
others remain unchanged notwithstanding the de-
compression.

Discussion

The combination of multimodal CHT with RT,
as well as the development of new radiographic
techniques allowing earlier discover of the dis-
ease have considerably changed the outcome of
patients with non-metastatic ES. Surgical enbloc
resection is a further option, considered less
mandatory than in osteogenic sarcoma. The 5
year survival that was only 10% has today im-
proved to around 70% for tumors located in the
limbs. The prognosis of ES of the spine has been
commonly considered worse than of the limbs.
The overall survival of our complete series of

26 cases of primary ES of the spine is 40.7%, ris-
ing to 83.3% if we consider the cases in which it
was possible to associate enbloc resection result-
ing in a tumor-free (marginal or wide) enbloc re-
section. It clearly results that achieving the new
technique of enbloc resection in the spine could
be helpful to upgrade the prognosis of ES of the
spine to the same of ES of the limbs.

A recent systematic review of the literature
performed by Sciubba et al25 showed that more
aggressive surgical resection seemed to provide
improvement in overall survival and local con-
trol. However, it is important to note that such
differences were not statistically significant in
most cases, and when significant, location of tu-
mor was within the limbs, not the spine.
The most likely explanation for this difference

between recurrence and survival between axial
and limb tumors are likely linked to the technical
difficulties of obtaining wide margins around the
spinal canal. A panel review concluded strongly
recommending – despite the “low quality” level
of evidence – that appropriate oncologic and sur-
gical staging is required to determine the feasi-
bility of en bloc resection of Ewing’s sarcoma of
the spine with acceptable margins. The morbidity
and mortality of en bloc resection is significant26:
appropriate patient information should be given
and these procedures should be performed only
by experienced multidisciplinary teams.
The prominent role of chemo and radiation

therapy in the treatment strategy of Ewing sarco-
ma is commonly accepted and it is not surprising
that this is confimed also by the revision of this
series. This study was finalized to discuss the
role of surgery, as this is still an open controversy
in ES of the spine, particularly if neurological
symptoms at the occurrence are considered indi-
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Treatment N° LR LM DOD @ CDF @

CHT + RT 4 1 1 1 57 3 130-190-290
EXC CHT + RT 2 2 2 2 2*-11

Table III. 6 Patients followed on 7 treated from 1983 to 1990. CHT: chemotherapy (regimen: REN-1/2); RT: radiotherapy;
EXC: intralesional piecemeal surgical excision; LR: local recurrence; LM: lung metastases; DOD: dead of disease; CDF: con-
tinuously disease free; @: follow-up (months).

*LM at admission.

Treatment N° LR LM DOD @ CDF @

CHT + RT 3 1 1 1 8 2 9-49
EXC CHT + RT 3 2 2 3 16*-21**-26**
Enbloc IL CHT + RT 4 3 1 4 410-23-23-63
Enbloc M/W CHT + RT 6 3^ 1-1^ 1^ 29^ 5 17-22-37-188-193

Table IV. 16 Patients treated from 1991 to 2008. CHT: chemotherapy (regimen: REN-3); RT: radiotherapy; EXC: intralesional
piecemeal surgical excision; IL: intralesional margin; M/W: marginal or wide margin; LR: local recurrence; LM: lung metas-
tases; DOD: dead of disease; CDF: continuously disease free; @: follow-up (months).

*LM admission, **Recurrent/not intact, ^Open biopsy.
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cation to emergency or elective decompression,
which includes intralesional tumor excision.
The main strength of this study is that all pa-

tients were treated by the same multidisciplinary
team and that data concerning their outcome is
available for all cases (except for one patient lost
at the follow up after 13 months while continu-
ously disease free).
The results here reported seem to demonstrate

that intralesional surgery, both piecemeal exci-
sion and enbloc resection with violation of the
margins are associated with high rate of recur-
rence and with worse systemic prognosis. All pa-

tients indeed died after intralesional surgery, in-
dependently from the chemotherapy protocol
adopted.
Margin violation can occur incidentally during

the resection or can be intentionally performed if
priority is given to save important structures and
relative functions or to reduce the surgical mor-
bidity. Intralesional surgery is sometimes per-
formed in emergency if the ES occurrence symp-
toms are related with cord compression and pre-
venting or treating a plegia is considered the
most relevant target. The results here reported,
remarking that any intralesional surgery nega-
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Figure 4. B.S., male, 40 yrs. CT-scan and MRI after CHT. The tumor volume is reduced and surrounded by a definite border
of reactive bone. Total pain relief with subtotal recovery of motor validity.

A B

Figure 5. B.S., male, 40 yrs. EnBloc resection. Radiogram of the resected specimen.
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Treatment N° LR LM DOD @ CDF @

CHT + RT 9 4 3 4 3*-8-30-57 (av. 25) 2 9-49-190-290 (av 134)
EXC CHT + RT 7 6 5 7 2*-11-11-16*-21**

22-26** (av. 16)
Enbloc IL CHT + RT 4 3 1 4 10-23-26-63 (av. 31)
Enbloc M/W CHT + RT 6 1^ 1-1^ 1^ 29^ 5 17-22-37-188-193

Table V. Synoptic table of 26 patients followed on 27 treated from 1979 to 2008. CHT: chemotherapy (regimens: REA-2 REN
1/2 REN-3); RT: radiotherapy; EXC: intralesional piecemeal surgical excision; IL: intralesional margin; M/W: marginal or
wide margin; LR: local recurrence; LM: lung metastases; DOD: dead of disease; CDF: continuously disease free; @: follow-
up (months).

*LM admission, **Recurrent/not intact, ^Open biopsy.

Figure 6. B.S., male. Radiotherapy and CHT followed the surgical treatment. CT at latest follow-up (2 yrs). Continuous dis-
ease free, excellent quality of life, full motor validity.

A B
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tively affect prognosis could include in the deci-
sion making process the consideration that sav-
ing the neurological function can ultimately com-
promise survival.
Two remarks should be stressed. First the mor-

bidity of enbloc resection must always be consid-
ered26, together with consideration that any com-
plication delaying or preventing the following
courses of CHT can seriously detriment the prog-
nosis. Second that enbloc resection should never
be attempted before complete courses of multi-
modal chemotherapy (Figures 1 to 4).
In most protocols, after the first courses of

chemotherapy, the choice between surgery and
radiation has to be performed. Surgery should al-
ways be finalized to achieve enbloc tumor-free
margin. The pathologist’s evaluation of the tumor
post-chemotherapy necrosis is a relevant data for
the medical oncologicst.
If en bloc resection is not feasible due to to the

lack of the criteria to perform enbloc resection27

or to unaccepted functional loss, radiation and
chemotherapy alone seems to be the best option
rather than intralesional surgery, as the local and
systemic control resulted better in this review.
The en bloc surgery should not exclude radia-

tion therapy and viceversa. If radiotherapy is de-
cided after the first course of chemotherapy, en-
bloc resection could complete the treatment para-
digm, and be performed after the sequence
chemotherapy/radiation/chemotherapy, with the
double target to improve the local and systemic
control and prevent the radiation induced sarco-
ma. The best results in our series are associated
to this strategy.
As tumor contamination is associated with

worse prognosis, CT-guided trocar biopsy should
be the first choice, as associated with minimal
soft tissue tumor contamination.
According to the data here reported, when

neurological compression occur in intact and lo-
calized ES, intralesional excision of the tumor
seems not be the best option even if combined
with CHT and RT. The same neurological evolu-
tion occurred in the cases submitted to surgical
decompression and in those immediately submit-
ted to chemotherapy and radiation and or enbloc
resection, while the systemic prognosis was neg-
atively affected.
In conclusion, the suggested paradigm of treat-

ment for ES of the mobile spine could be: multi-
agent CHT followed by enbloc surgery and by
RT if margins are not adequate; maintenance
CHT. If en bloc resection is not feasible after in-

duction CHT: induction CHT-RT-maintenance
CHT. At the end of the protocol the feasibility of
enbloc resection should be considered.
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