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ARTICLE INFO ABSTRACT

Object: Many patients with Ewing sarcoma (ES) of the mobile spine present with neurologic symptoms leading to
emergency decompressive surgery. Only rarely is optimal treatment involving neo-adjuvant chemotherapy
followed by en bloc excision possible. The purpose of this study was to study treatment, neurologic and onco-
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Spmel logic outcome in patients with ES of the mobile spine.
S;cgoe:fy Methods: Twenty-four patients diagnosed between 1986 and 2012 were identified through the Scandinavian

Sarcoma Group registry. Charts were reviewed in order to assess details in patient characteristics, neurologic
status, treatment and outcome. Prognostic factors were analyzed with respect to local control, disease-free
survival and overall survival.

Results: Neurologic symptoms were frequently observed at presentation, being present in 19/23 patients with
documented neurologic status. Most (13/19) patients had a complete neurologic recovery regardless of whether
or not emergency decompressive surgery was performed. The majority (18/24) of patients were treated with
definitive radiotherapy. However, only 9/17 received the recommended dose of = 50.4 Gy. The disease-free
and overall survival rates at 10 years were 48% and 57%, respectively. The local recurrence rates were 19% and
27% at 5 and 10 years, respectively. Only year of diagnosis, categorized into periods with significant changes in
chemotherapy protocols, was a significant factor for local recurrence, but there was a trend (p = 0.06) for an
increased risk of a local recurrence if emergency decompressive surgery was performed.

Conclusion: Patients with ES of the mobile have a relatively favorable prognosis. Nonetheless, local recurrence
rate is high for this group of patients for which local treatment mainly relies on definitive radiotherapy.

Emergency decompressive surgery may increase the risk for local recurrence.

Radiation treatment

1. Introduction

Survival in Ewing sarcoma (ES) has substantially improved since the
1970s largely due to the introduction and development of aggressive
multi-agent chemotherapeutic regimens [1, 2]. Advancements in
radiotherapy (RT) planning and aggressive surgery have further im-
proved local control which again contributes to improved overall sur-
vival [3]. For patients with localized disease the overall survival has

* Corresponding author.

now reached 65-75% [2]. However, for patients with axial or pelvic
locations the outcome is not as favorable [1, 4-8]. Whether this is due
to difficulties in achieving local control, or the fact that centrally lo-
cated tumors tend to be larger, remains unclear [1]. It has also been
suggested that axial ES has a more aggressive phenotype by virtue of
the microenvironmental milieu of the axial skeleton [6, 8].

Depending on the anatomical location, the term “fixed spine” or
“mobile spine” may be used when describing vertebral ES. In a previous

E-mail addresses: asle.hesla@sll.se (A.C. Hesla), OSB@ous-hf.no (@.S. Bruland), nina.louise.jebsen@helse-bergen.no (N. Jebsen),
emelie.styring@med.lu.se (E. Styring), sigvard.eriksson@vgregion.se (S. Eriksson), panagiotis.tsagkozis@sll.se (P. Tsagozis).

https://doi.org/10.1016/j.jb0.2018.100216

Received 16 September 2018; Received in revised form 10 December 2018; Accepted 24 December 2018

Available online 26 December 2018

2212-1374/ © 2018 The Authors. Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/BY-NC-ND/4.0/).


http://www.sciencedirect.com/science/journal/22121374
https://www.elsevier.com/locate/jbo
https://doi.org/10.1016/j.jbo.2018.100216
https://doi.org/10.1016/j.jbo.2018.100216
mailto:asle.hesla@sll.se
mailto:OSB@ous-hf.no
mailto:nina.louise.jebsen@helse-bergen.no
mailto:emelie.styring@med.lu.se
mailto:sigvard.eriksson@vgregion.se
mailto:panagiotis.tsagkozis@sll.se
https://doi.org/10.1016/j.jbo.2018.100216
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbo.2018.100216&domain=pdf

Journal of Bone Oncology 14 (2019) 100216

A.C. Hesla et al.

*dn-oj 3se[ 18 snjels 2130[0IMAN = [INURI

‘uonjejuasaid Je snjels J130[0IMAN = [URL]

“dn-0j 3se[ 38 STIRIS = SMIEIS
-dn-oj 3e SISeISEIdN = SIS

Bl

P
‘uonejudsaid e siseIseIdN = SIDIN 5

q
'syuanjed [[e J0j d[qe[reae jou eleqd

‘UISIRW UOIIDSAI Y] Je (43 paeu oY) Aq) juasaxd A[ssoid anssn rowny, = gy

‘urdIeur uorndasal Yy Je juasaid A[resrdodsordrur s[Ed Jowmny, = 1Y
*S[[90 JOWM) JO 921 ULSIRW U0T}03s31 d1dOISOWIN = 0Y
‘Teln 66 Suimy oy = 66 Juimyg oing X] [090joid dnoiH euIOdILS URIABUIPURIS = X] DSS
‘Al 1000301d dnoin ewodIes UBIABUIPURDS = AT DSS ‘[T [000301d dnoin ewodies uelAeuIpueds,/dnoin ewodres uerel] = I HSS/DSI

"9SBISIP JO 9OUIPIAD ON = (AN
*90UDLINDAI [B20T = YT

un /
AppAneIado-uou pajeany sisoydAy dperoyl AN ON ON q 45 sy 0¥/Adeiayiorpey + uONOISAY Jowny, 111 DSS/DSI ON v /PUL bl ¥T
SUON  @IN ON ON q £9 vg Aderoporpey I DSS/DSI  ON a wy/bT 9T €T
sisoydAy 03 anp suoisiaazx feurds SdMNL - AN ON ON q 4D s Ty/Aderayloipey + Awoddurure] 11T DSS/DSI ON a uog/Tl 9 44
(Ayred
SUON  pedq  SAX ON q £9 pg Aderoporpey XIDSS  ON -odIpeN) WO 8/4D  H1 &4
SUON  pead  S9X SOK q £9 09 zy/Adersyiorpey + Awojdsurure] XI DSS ON D uwngL/TI 0T (114
u g
SUON  peaq ON SOK a £D 8 zd/Aderayiorpey + Awoldsurure] AIDSS  ON D /IT-8UL 0T 61
SUON  @IN  S9A ON q o zh 04/4Awoya14puods XIDSS Sk q €1 vl 8T
A3101%0] paje[al Aderayjowayd [eUISaIUL
SNOLIdS 0] NP AWI0ISO3[1/AW0ISO[0D QAN ON oN a 45 Ty Aderayiorpey 111 5SS/DSI ON D WIEL/IT TS L1
sisoydAy 01 anp A1931ms uorsiay dIN ON ON q ON TY/Uondasay Jowm], 4+ Awojdaurure] 111 ©SS/59SI ON a TUL v 91
a3eyea] pmy [eurdsoiqaiad 03 anp u /
UOISIADY ‘dIN[Iej [eusy ‘wsIproaiAyjodAy aIN ON ON q Ao zp 14/Adeiayorpey + Awojdsidpuods 111 ©SS/9SI ON q /SUL  ¥I1 ST
Sanyrej [edIUeYdSW pue sisoIylrepnasd
03 anp Aro3ims [eurds uoisiAY QAN ON ON q £ z¥ T4/Aderoyporpey + Awodsspuods 111 DSS/DSI ON o/d WIST/YT 0T [l
2d/Adelayorpey + uonexy opeid umouyun
QUON peaq SOA ON panoxdury A9 zg JoLa3sod/Awojdaurure XI DSS SoX ‘sisared LUL (%% eI
SUON  @AN  SeA ON q ON 04/Awos[4puods XIDSS  ON q §T 2l 4
(pasaoxduur
nq ‘Ayped (Ayred un 6
SUON  pead ON SOK -O[ndIpeI [[NS) £ zh zy/Aderayiorpey + Awoldsurure] AIDSS  ON omipen) @ //D°SD 0T 1T
QUON  @IN  S9X ON pasoxduwr q £5 09 Auo Aderdyrorpey XIDSS Sk a ST 0T ot
QUON pead SO ON q £o o 2y/Adeiayporpey + Awojdsurure Al DSS SOA umouwyun ¢1  vI 6
sso[ Surreay ‘wsIploarAyloddH QAN ON ON q £D g Aderayporpey XI DSS ON 4 wp/9) 1T 8
SUON  IN ON ON q £5 15 Aderayiolpey 66 Suimg omyg  SOK a uwo9/HT 81 L
Ayyedofworpred
‘wsiproaiyiod£Ay ‘Awoisonsen srdodsopuy
SNAURINDIDG ‘DINIDLIS _mvwmsmgmo 9I9A3S
*Ayruriojop snqqis8 o3 anp
uonezifiqels reurds 1orra)sod A1epuodas aaN ON ON q £o zp 2d/Adeiayporpey + Aurojdaurure XI DSS ON a 9D 8 9
(s1e2£ 0T
QUON peada SOX I9)Je) S9X umouyun umouun Adezaporpey SO ON umowyun ZSS1T 91 [
Ayjedofworpred  peaq S oN a umouyun zd/Adersyiorpey + Awoyddurue] AIDSS  SX a TTeluL 2T 4
SUON  peaq ON ON q £9 pg Aderoporpey I DSS/DSI  ON a ws/HT ST €
w8
SUON  peaqQ ON ON q £ zv Adezayorpey 11T DSS/DSI ON q /SPUlL 01 4
SUON  pedd ON S9X q A9 8'v zd/Ade1ayioipey + Awosurwe] XI DSS ON a uwg/sT LI 1
wwo_u juaunear)
suoned[duwod Juaunea], SMEIS SN u1 plPYUBL]  UONEIpELI [e10], UISIRUW UOT}29s31 21d0DS0IdTUI/JUSUIEDI) [BIO JTWRISAS SN qPYURIL  2ZIS/AIS a3y 1uaned

-ourds 9[Iqouwr 9y} Jo sewodIes SUIMY 4 JO SWODINO PuR JUSWIILT} ‘SINSIISIORIBYD dUI[dseq

1 31qeL



A.C. Hesla et al.

Table 2
Summary of patient demographics, tumor characteristics and local
treatment for 24 patients with Ewing sarcoma of the mobile spine.

Age at time of diagnosis (%) 17(4-52)
Gender

Male” 15(63)
Metastasis at time of diagnosis” 5(21)
Treatment period”

1984-1989 3(12)
1990-1998 10(42)
1999-present 11(46)
Follow up time (years) @) 11(4-22)

Tumor size; mean =+ SD (cm) (%) 8 + 4
Local treatment”

Definitive radiotherapy 18(75)
Excisional surgery 2(8)
Excisional surgery + radiotherapy 4(17)

@ The values are given as the median, with the range in parenthesis.

b The values are given as the number of patients, with the percen-
tage in parenthesis.

¢ The values are given as the mean and standard deviation.

4 The values are given as the median, with the range in parenthesis.
Includes only ES survivors.

study on pelvic ES, we published data on ES of the fixed spine (sacral
vertebrae); therefore only ES of the mobile spine is presented in the
current study [8].

Patients with ES of the mobile spine represent major local treatment
challenges due to the close proximity to neurologic and vascular
structures. En bloc surgery is often not possible without significant
concurring morbidity. Furthermore, patients with ES of the mobile
spine often present with neurologic symptoms, resulting in emergent
decompressive surgery prior to standard complete diagnostic work-up
and neo-adjuvant chemotherapy [9-14]. How this affects the oncologic
outcome is not well known as publications on local treatment and
outcome for spinal ES are scarce and the cohorts studied are small [4,
14-17].

The primary aim of this study was to study survival and local

0,8

0,6

Cum Local Recurrence Rate

0,2
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control in patients with ES of the mobile spine. The secondary aim of
this study was to investigate the scale of neurologic symptoms at pre-
sentation as well as neurologic recovery with regards to surgical and
non-surgical treatments. Whether emergency decompressive surgery
had an effect on local recurrence was also investigated.

2. Materials and methods

The Scandinavian Sarcoma Group (SSG) Registry was established in
1986 and contains prospectively recorded data of patients from
Sweden, Norway and Finland. The registry, which is population-based
for Norway and for most of Sweden, is considered to be representative
of sarcomas in Scandinavia [18].

In this study, patients with a histological diagnosis of ES of the
mobile spine diagnosed between April 1986 and May 2012 were
identified through the Scandinavian Sarcoma Group Registry and ret-
rospectively reviewed by use of medical charts at each Institution. The
study was approved by the Regional Ethical Review Board in Stockholm
(Registration no. 2013/933-31/14).

As the vast majority of the patients were included in international
trials, the histology was already peer-reviewed by a pathology com-
mittee within the SSG. The fusion gene analysis for ES has been in
routine use since 1999. A total of 25 ES cases of the mobile spine with a
minimum follow-up of 2 years were identified. One patient had me-
tastasis to the spine and was wrongly classified and therefore excluded
from the study. There were 24 patients in the final analysis. One patient
was excluded from the analysis of neurologic function due to missing
information on neurologic status both at presentation and at follow-up.
Clinically relevant data for each case are shown in Table 1.

The median follow-up time among ES survivors in this cohort was
11 years (mean 12 years, range 4-22 years). Excisional surgery versus
definitive RT was assessed with local recurrence, disease-free survival
and overall survival as end points.

Parameters included in the analyses were the presence of metastasis
at time of diagnosis, tumor size, local treatment, treatment period and
microscopic surgical margin. Tumor size was categorized into small

0,0

No. at risk 24 17 14

6 8 10 12
Years
13 11 9 4

Fig. 1. Local recurrence rate of 24 spinal Ewing sarcomas showing cumulative a 5-year local recurrence rate of 19%.
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No. of patients
Definitive radiotherapy 18 i 8
Excisional surgery 6 5 5
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Fig. 2. Local recurrence rate of 24 patients with Ewing sarcoma of the mobile spine showing a 5-year local recurrence rate of 26% for patients treated with definitive
radiation treatment and no local recurrences for patients treated with excisional surgery. Log rank p = 0.121.

(< = 8 cm) or large (> 8 cm). Microscopic resection margin was de-
fined as clear (RO) if the margin was reported as being wide or mar-
ginal, and as positive (R1 or R2) if the margin was assessed as in-
tralesional. Most patients received chemotherapy according to
Scandinavian protocols; SSG IV (1984-1990) [19] and SSG IX
(1990-1999) [20], or more recently according to protocols based on
collaboration with the Italian Sarcoma Group: ISG/SSG III and IV
(1999-to the present) [21, 22] (Table 2). Year of diagnosis was cate-
gorized into the treatment periods concurring with changes in che-
motherapy protocols. Follow-up was routinely done every 3-4 months
the first 3 years after diagnosis, thereafter twice a year for another 2
years, and then annually for up to 10 years. This routine has been es-
sentially unchanged since the start of the study period. The time to first
recurrence, either local or distant, was calculated from the date of di-
agnosis.

2.1. Patient demographics and local treatment

Patient demographics, tumor characteristics and local treatment are
summarized in Table 2. Definitive RT of the primary tumor was the
preferred local treatment for 18 patients, and excisional surgery for 6
patients. Four of the 6 surgically treated patients also received post-
operative RT. Three patients underwent surgery of residual disease after
neo-adjuvant chemotherapy. One patient with a predominant soft tissue
mass extending into the spinal canal was treated with laminectomy and
excision of all macroscopic tumor. This patient was regarded as having
been treated with excisional surgery, albeit intralesional. Another 2
patients had intralesional surgical margins while 3 patients had their
tumors resected with clear surgical margins (RO), of which 2 were
evaluated as wide, and 1 as marginal. Hence, in total only 3 patients in
this series were treated as Enneking appropriate, meaning that they
were treated with en bloc excision with microscopic tumor-free mar-
gins.

Thirteen (54%) patients underwent spinal decompressive surgery

due to spinal cord compression. For 9 of these patients, surgery was
confined to emergency laminectomy only. The tumor border was vio-
lated for 8 of these cases, and margins are unknown for 1 case. The
histologic diagnosis was not known prior to emergency laminectomy.
Two patients were treated with emergency laminectomy and simulta-
neous tumor excision, 1 grossly intralesional and 1 with wide surgical
margins. The remaining 2 patients who presented with significant
neurologic symptoms received pre-operative chemotherapy prior to
laminectomy and spondylectomy. The surgical margins were intrale-
sional for the latter 2 patients.

Seventeen patients treated with definitive radiation treatment re-
ceived a median radiation dose of 51.5 Gy, which is less than the re-
commended dose of 54 Gy in the ISG/SSG protocols, although the 45 Gy
dose restraint to the spinal cord would entail compromised dose in the
surrounding bone. In most recommendations, definitive radiation dose
to ES of the spine is an exception of the rule since restricted to max-
imum 50.4 Gy [2, 23]. Nine of seventeen patients who received ra-
diation treatment as definitive local treatment received the re-
commended dose of = 50.4 Gy. One patient only received palliative
radiation therapy because of disseminated disease and dismal prog-
nosis. For one patient the radiation dose was unknown. For the majority
of the patients (n = 17), RT was administered in a hyperfractionated
regimen with 1.5 Gy given twice daily. Photon or electron radiation
treatment was used for all patients.

2.2. Statistics

Statistics were calculated using IBM SPSS Statistics 23, Illinois. The
rate of recurrence or death was estimated using the method of Kaplan
and Meier, and the effect of each risk factor on the outcome was ex-
amined using the log-rank test.

The prognostic value of each covariate was analyzed using the Cox
proportional hazards model for each end-point. Only clinical relevant
and statistically significant variables were included in the multivariate
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Table 3

Univariate analysis of prognostic factors for local recurrence and overall survival for ES of the mobile spine.
Variable No. of patients No. of local recurrences 10 year LR rate (%) p-value® No. of deaths 10 year OS rate (%) p-value®
Gender 0.469 0.864
Male 15 4 35 7 58
Female 9 1 14 4 56
Age (years) 0.180 0.213
<14 5 0 0 1 80
> =14 19 5 36 10 51
Metastasis at presentation 0.312 0.962
No 19 5 31 9 57
Yes 5 0 0 2 50
Tumor size’ 0.267 0. 791
< =8cm 11 2 19 5 51
>8 4 2 50 2 50
Year of diagnosis 0.030 0.098
1986-1989 3 2 - 3 33
1990-1998 10 3 33 5 50
1999-to the present 11 0 0 3 63
Local treatment 0.300 0.079
Excisional surgery 2 0 0 0 100
Surgery + Radiotherapy 4 0 0 0 100
Definitive radiotherapy 18 5 39 11 43
Excisional surgery (%) 0.121 0.024
Yes 6 0 0 0 100
No 18 5 39 11 43
Margin (") N.A. N.A.
R1 3 0 0 0 100
RO 3 0 0 0 100
Radiation dose 0.757 0.382
< 45 Gy 8 2 29 3 63
> =45 Gy 13 2 17 7 43
Local recurrence N.A. 0.007
Yes 5 5 20
No 19 6 33
Decompressive surgery () 0.061 0.105
Yes 9 4 42 7 22
No 15 1 75 4 62

LR = Local recurrence.
OS = Overall survival.
N.A . = Not Applicable.
@ Excisional surgery +/— radiotherapy.
b Includes only patients treated with excisional intent.
Does not include patients treated with simultaneous excisional surgery.
Data not available for all patients.
¢ Log-rank test.

c

d

analysis. None of the covariates used in the model were assumed to be
time-dependent and therefore the fixed covariate Cox regression ana-
lysis was used.

3. Results
3.1. Local treatment and local control

The cumulative local recurrence rate is depicted in Fig. 1, being
19% and 27%, at 5 respective 10 years. The median time to local re-
currence was 2 years (range 1-10 years).

The cumulative local recurrence rate with regards to local treatment
is presented in Fig. 2. There was no statistical difference between ex-
cisional surgery and definitive RT with regards to local recurrence rate
(p = 0.121; Fig. 2), yet none of the 6 patients treated with tumor ex-
cision +/— adjuvant radiotherapy suffered from a local recurrence.
One patient experienced a local recurrence 10 years after definitive
radiation treatment. Univariate analysis of prognostic factors for local
recurrence and overall survival of mobile spine tumors is depicted in
Table 3. Treatment period was the only significant prognostic factor for
local recurrence. However, there was a tendency for inferior local
control among patients treated with emergency decompressive surgery
without simultaneous tumor excision (p = 0.061). Radiation dose was
not prognostic for local control.

3.2. Disease-free and overall survival

Disease-free survival was 54% and 48% at 5 and 10 years, respec-
tively (Fig. 3). Treatment period and emergency decompressive surgery
without tumor excision were significant prognostic factors in the uni-
variate analysis (Table 4), but not in the multivariate analysis (Table 5).

The 5-year and 10-year overall survival rates were 63% and 57%,
respectively (Fig. 4). Excisional surgery and local recurrence were sta-
tistically significant prognostic factors for overall survival (Table 3), but
none of these factors were significant in the multivariate analysis
(Table 6).

3.3. Neurologic function

Nineteen out of 23 patients in our study presented with neurologic
deficits. However, after local and systemic treatment only 6/23 patients
had persistent neurologic deficits. One patient with unknown neuro-
logic status at presentation underwent immediate decompressive sur-
gery and had a nearly normal neurologic status at last follow-up. Six out
of 19 patients with neurologic deficits were treated locally with ra-
diation only, of whom 4 had a complete neurologic recovery. The re-
maining 2 had Frankel D grade deficits, one of whom also had radi-
culopathy. Thirteen out of 19 patients were treated with decompressive
surgery, of whom 9 had a complete neurologic recovery. The remaining
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11 9 8 3

Fig. 3. Disease-free survival analysis of 24 spinal Ewing sarcomas showing a cumulative 5-year disease-free survival rate of 54%.

4 patients improved after decompressive surgery, but still had minor
neurologic sequelae. None had a worse neurologic grade than Frankel
D. Altogether in the whole cohort, the Frankel grade mode at diagnosis
was Frankel D, and at time of latest follow-up the mode was Frankel E.

3.4. Complications

There were 8 serious long-term treatment complications among the
patients in this study. Five out of thirteen survivors suffered from late
surgically-associated spinal complications requiring revision surgery.
Four patients developed kyphotic deformities, 3 of whom required
surgery at a later stage. They were all originally treated with lami-
nectomy or tumor excision without internal fixation. One patient with a
primary tumor of the C7 vertebrae treated with decompressive surgery
and definitive RT is alive with a severe esophageal stricture requiring
nutrition through a percutaneous endoscopic gastrostomy, and cur-
rently undergoing esophageal dilatations under general anesthesia
every fourth week. Another patient with an L1 tumor suffered severe
colitis and ileitis leading to a colostomy/ileostomy.

4. Discussion

ES are well known to be radiosensitive tumors [2]. Nevertheless,
surgery has become the cornerstone of local treatment since it has
proven to yield better local control than radiation treatment alone [2,
23-29]. Yet, no studies to our knowledge have been able to prove a
benefit of one local treatment over another regarding local control of
spinal ES [4, 14, 16, 17]. Surgical advancements in the field of spinal
surgery have made it possible to resect tumors that were previously
deemed to be non-resectable. Interestingly, Indelicatio et al. reported a
100% local control rate for six patients treated with excisional surgery
with adjuvant RT [16]. Schuck et al. also documented a 100% local
control rate for six patients treated with wide resection and RT, but only
50% local control rate in four patients treated with surgery exclusively

[17]. In a cohort of 58 surgically treated spinal ES patients, Charest-
Morin et al. found better overall survival, but not better local control for
patients treated with en bloc excision and clear surgical margins (En-
neking appropriate) if patients were not subject to prior spine surgery
[15]. The inability in these studies, and in other studies, to prove better
local control by surgical treatment of the primary tumor may be a
matter of insufficient power. Conversely, the field of radiation therapy
has also evolved, perhaps improving local control. Proton- or carbon
ion radiation treatment was not used for any of the patients in this
study; however its role in treatment of ES of the spine is likely to in-
crease in the future as access to heavy ion treatment improves.

4.1. Local treatment and local control

The local recurrence rate in our study is comparable to what has
been found in some other studies [4, 10, 13-15, 17]. However, the rate
is higher than in the Children's Oncology Group study by Ahmed et al.
which reported a 3.6% 5 year local recurrence rate, all local recurrences
occurring in the group treated by definitive RT [30]. The excellent local
control observed among patients treated with excisional surgery in our
study may be attributed to improvements in chemotherapy rather than
to the surgical treatment of the primary tumor. Our observation that
treatment period was the only significant factor with regards to local
control supports this explanation. Notably, improved local control at-
tributed to systemic treatment was also evident in the Children’s Cancer
Group-Pediatric Oncology Group cooperative study (INT-0091,
1988-1992). In their study, improved local control was the main reason
for improved overall survival [31]. Furthermore, this study shows that
urgent decompressive surgery in order to improve neurologic function
has a cost as the procedure is likely to result in a higher local recurrence
rate. A reasonable explanation could be that decompressive surgery
most often results in tumor violation and contaminated surgical field.
Hence, RT has to compensate for suboptimal surgery, in addition to a
delay in chemotherapy due to the post-operative recovery period.
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Table 4
Univariate analysis of prognostic factors for disease-free survival of 24 ES of the
mobile spine.

Variable No. of No. of 10 year DFS  p-value®
patients events rate (%)

Gender 0.979
Male 15 8 43

Female 9 4 56
Age (years) 0.559
<14 5 2 60

> =14 19 10 44
Metastasis at presentation 0.586
No 19 9 51
Yes 5 3 40
Tumor size* 0.662
< =8 cm 11 4 64

>8 4 2 50
Year of diagnosis 0.016
1986-1989 3 3 0

1990-1998 10 7 30

1999-to the present 11 2 82

Local treatment 0.520
Excisional surgery 2 1 50

Surgery + Radiotherapy 4 1 75

Definitive radiotherapy 18 10 42

Excisional surgery (%) 0.287
Yes 6 2 67

No 18 10 42

Margin (°) 0.745
R1 3 7 39

RO 3 2 -

Radiation dose 0.803
< 45 Gy 8 4 50

> =45 Gy 13 6 54

Local recurrence N.A.
Yes

No 19

Decompressive surgery () 0.048
Yes 9 7 22

No 9 3 58

DFS = Disease-free survival.

N.A . = Not Applicable.
@ Excisional Surgery +/— Radiotherapy.
> Includes only patients treated with excisional intent.
¢ Not included patients treated with excisional surgery.
4 Data not available for all patients.
¢ Log-rank test.

Table 5
Multivariate disease-free survival analysis for 24 Ewing sarcomas of the mobile
spine (%).

Variable HR 95% CI p-value
Decompressive surgery () 4.3 0.94-19.25 0.060
Year diagnosed

1986-1989 0.139
1990-1998 0.24 0.05-1.24 0.089
1999-present 0.18 0.03-1.19 0.076

2 HR = hazard ratio, CI = Confidence Interval.
> Without tumor excision.

Local control is exceedingly important for overall survival. Only
22-24% of patients will survive 5 years after local relapse of ES [32].
The value of achieving local control is confirmed in the current study,
as all of the five patients suffering from a local recurrence succumbed to
the disease. The role of local treatment on local control and overall
survival is a difficult issue because selection bias is inevitable. Our
finding that excisional surgery of the primary tumor was a significant
positive prognostic factor for overall survival may well be a result of
selection bias.
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4.2. Disease-free and overall survival

Axial and pelvic sites are associated with inferior overall survival
and disease-free survival in several studies [1, 5-7, 33]. One problem
reviewing the literature is the disparity in different studies in defining
the axial skeleton [5, 6, 34, 35]. Although part of the axial skeleton, the
overall survival- and disease-free survival rates in the present study,
which are comparable to the results reported by other authors, are not
inferior to extremity ES [5, 7, 13, 36, 37]. Indeed, ES of the mobile
spine tend to be smaller in size than ES of other sites [13]. Due to the
anatomic location, patients are likely to experience symptoms when the
tumor is relatively small in size and thus seek medical consultation at
an earlier stage. This may explain the relatively good prognosis in spite
of the difficulties associated with local treatment. Nonetheless, the ef-
fect of tumor size on prognosis is debated [25, 38], and other ex-
planations must be sought. There may be biological factors attributed to
primary tumor site that affect the biological behavior of the tumor and
its response to chemotherapy.

Compared with our previously published results of sacral ES, mobile
spine ES seem to have a similar disease-free survival rate (66% and 54%
respectively; p = 0.26) [8]. The largest comparative study between
sacral and nonsacral vertebral was performed by the Mayo Clinic. They
reported no statistical difference in disease-free survival between the
two groups in a cohort of 51 patients. The 5-year disease-free survival
rate in their study was 60% and 45% for sacral and nonsacral tumors,
respectively [9]. These results concord with two other studies that re-
ported a similar outcome between patients with ES located in the mo-
bile spine and sacrum [11, 13]. Other studies have found better out-
come in patients with ES of the mobile spine compared with sacral ES.
Bacci et al., in a cohort of 43 non-metastatic patients, documented a
better 5-year event-free survival rate in ES of the mobile spine com-
pared with sacral ES [4]. However, this study only included 13 sacral
tumors. Pilepich et al. also found a poorer disease-free survival among
patients with sacral or coccygeal site compared to proximal spinal site
in a study with 22 patients. Notably, the 7 sacral tumors were all very
large, which may explain the poor prognosis [4, 12].

4.3. Neurologic function

As observed in this study and in other studies, neurologic deficits
are frequently observed at time of diagnosis for patients with ES of the
mobile spine [10, 13, 15, 16]. Patients treated with emergency de-
compressive surgery did have more severe neurologic deficits than
patients receiving only RT as local treatment. However, as most ES
respond well to chemotherapy with volume reduction even after one
cycle, this may explain the apparent neurologic improvement among
the patients in our study regardless of local treatment. This should be
kept in mind when a patient with a possible ES of the mobile spine
presents with myelopathy or radiculopathy.

4.4. Complications

The severe complications recorded in our study have also been de-
scribed in previous studies. Radiation-induced esophageal stricture was
described [16]. The typhlitis observed in the patient with an L1 tumor
was a result of chemotherapy rather than RT-related toxicity [39]. Post-
laminectomy kyphotic deformity is a known avoidable complication,
which has also been described previously [10]. Posterior stabilization
should therefore be performed when decompressive surgery or resec-
tion of ES of the posterior vertebral elements is done because the pos-
terior tension band of the spine is disrupted [40].

4.5. Limitations and strengths

This study has certain limitations. The main limitation is the low
number of patients, making analyses underpowered. Given the
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Fig. 4. Overall survival analysis of 24 spinal Ewing sarcomas showing cumulative 5-year overall survival rate of 63%.

Table 6
Multivariate overall survival analysis for 24 Ewing sarcomas of the mobile spine

(a).

Variable HR 95% CI p-value
Excisional surgery 0.000 0.00-9.43E + 250 0.966
Local recurrence 2.82 0.85 to 9.33 0.089

2 HR = Hazard Ratio, CI = Confidence Interval.

uncommon nature of the disease (1-3/million/year), this problem is
obviously difficult to overcome [36]. Another limitation is its retro-
spective nature. However, data in the SSG registry have been pro-
spectively collected since its inception. The long duration of follow-up
is one of the strengths of the current study. On the contrary, as the study
duration spans over a 26-year time period, the local and systemic
treatment strategies have been subject to changes. The favorable out-
come evident in surgically treated patients may thus be attributed to the
fact that they were treated later in the study period, when systemic
treatment had improved [2, 20, 31, 41].

5. Conclusion

In spite of the difficult anatomic location, patients with ES of the
mobile spine have a relatively favorable prognosis. Nonetheless, local
recurrence rate is high for this group of patients for which the vast
majority is treated with definitive radiotherapy.

Neurologic symptoms leading to laminectomy are common at pre-
sentation. However, urgent decompressive surgery prior to obtaining
histological diagnosis may increases the risk for local recurrence
without providing a clear advantage over non-surgical treatment in
terms of neurologic recovery. Progress in systemic therapy is likely the
main reason for the improved local control observed in recent treat-
ment eras.
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